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ABSTRACT 



The modern controls engineer is often faced with 
designing a system which is characterized by a large number 
of first order differential equations. It is highly desir- 
able and sometimes necessary that such complex systems be 
reduced for analysis, synthesis and implementation into a 
physical control system. It is the intent of this thesis to 
present a mathematical procedure and computer software based 
upon this procedure which enalle the control engineer to 
construct reduced order models. 

As examples, two large order systems are analyzed: a 

sixteenth order model of the F100 turbofan engine and a 
ninety-eighth order model of the X-29A aircraft control 
system. 
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SYMBOLS 



A = State (Ns, Ns) or Output (No, No) Weighting Matrix 
B = Control (Nc,Nc) Weighting Matrix 
C = Control Gain Matrix (lie, Ns) 

D = Control (No,Nc) or Noise (No, Ng) Feedforward 
Matrix 

Dr = Reduced Control Feedforward Matrix (No,Nc) 

F = Open-Loop Dynamics Matrix {Ns, Ns) 

Fr = Reduced Open-loop Dynamics Matrix (Nr, Nr) 

G = Control Distribution Matrix (Ns,Nc) 

Gr = Reduced Control Distribution Matrix {Nr , Nc) 

GAM = State Disturbance Distribution Matrix (Ns,Ng) 

H = Measurement Scaling Matrix (No, Ns) 

Hr = Reduced Measurement Scaling Matrix (No, Nr) 

K = Estimator Gain Matrix (Ns, No) 

Nc = Number of Controls 

Ng = Number of Process Noise Sources 

Ns = Number of States 

No = Number of Observations or Measurements 

Nr = Reduced Model Number cf States 
Q = White Process Noise Covariance Matrix (Ng,Ng) 

R = White Meas. Noise Covariance Matrix (No, No) 

S = Steady-State Covariance Matrix of Control (Nc,Nc) 
u = Control Vector (Nc,1) 

v = White Measurement Noise Vector ( No , 1 ) , With 
Zero Mean and Covariance Matrix R 
w = White Process Noise Vector { Ng , 1 ) , with 
Zero Mean and Covariance Matrix Q 
wO = Constant Disturbance Vector (Ng, 1) 
x = State Vector (Ns, 1) 
x = Derivative of State Vector (Ns,1) 
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xe = Estimate of State Vector (Ns,1} 
xe = Derivative of Estimate of State Vector (Ns, 1) 
y = Output Vector (No,1) 
z = Measurement Vector (Nc, 1) 
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I. INTRODUCTION 



Modern control methods allow the control engineer to 
develop a control system to regulate every parameter or a 
physical system. He has been aided by computer simulations 
of non-linear systems and linear approximations of those 
systems. The desired control system can be developed 
parallel to or even ahead of the physical system which is to 
be controlled. 

In . many design applications areas, the engineer is 
confronted with designing a control system which can be 
represented analytically by a very large number of first 
order, linear, time invariant differential equations. This 
is especially true with highly complex and aero-elastic 
aircraft and space vehicles. The analytical model is a 
prime ingredient in the controller design process for any 
design technique. 

Many practical limitations exist, such as computational 
requirements, that require the order (number of equations) 
of this complex model to be reduced for analysis, synthesis 
and actual implementation of the control system. Some method 
is required to analyze these dynamical models and establish 
simpler systems which include elements critical to the 
desired control function. Without such simplification, 
application of design procedures can result in highly 
complex and parameter-sensitive controlled systems. With a 
reduced order model, regulator synthesis procedures become 
more intuitive and far less sensitive to parameter varia- 
tion. The reduced order model is far easier to handle in 
formulating the control system but must characterize the 
physical system with sufficient accuracy such that perform- 
ance objectives for the controlled physical system can be 
met by designing control laws from the reduced order model. 



The intent of this thesis is to present the mathematical 
basis for creating such a reduced order model and to develop 
the actual computer software which creates that reduced 
model based on a given large order system. This computer 
program (OPTEED) is developed to interface with an existing 
control analysis FORTRAN program named OPTSYS. This thesis 
will discuss the modifications or additions to the OPTSYS 
program which are necessary to that interface. 

The OPTimal SYStems control program was originally 
developed by Hall [Ref. 1] for the study and application of 
optimal systems control theory. Later modifications tc the 
program were made by Walker [Ref. 2] and Liu [Ref. 3] of 
Stanford University. Hoden [ Bef . 4] modified the OPTSYS 

program to present a user-friendly, interactive version of 
the program (OPTSYSX) . Diel [Ref. 5] introduced changes 
which enabled the user to save various data for re-entry 
into the program and also to create data files which were 
necessary for the execution cf a time response program 
(OPTCALC). Further modifications have been made by Laptas 
[Ref. 6] which were necessary tc create data sets for input 
to his OPTGRAPH program. This FORTRAN program enabled the 
user to obtain Pole-Zero, Root-Locus, Nyguist, Bode and 
Nichols plots. 

It is assumed that the user has a basic understanding of 
the fundamental concepts of control theory and optimal 
systems design. The symbology conventions of Bryson 
[Ref. 7] are used in the discussion of program operation and 
system descriptions. 

An overview of the OPTSYSX program, its capabilities, 
and the modifications to that program which are necessary 
for the interface with OPTRED is presented first. This is 
followed by the mathematical basis upon which OPTRED is 
formulated and by a full description of the operation of 
that program. Finally, examples of large order control 
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systems and the corresponding reduced models which OPTRED 
generates are presented and analyzed. Those systems include 
a sixteenth order model of the FI 00 turbofan engine and a 
ninety-eighth order model of the X-29A aircraft. Complete 
program listings for the OPTSYSX program and the OPTRED 
program are included as Appendices A and B respectively. 



II. THE OPTSTSX COMPUTER PROGRAM 



A. PROGRAM OVERVIEW 

OPTSYSX is a double precision, interactive FORTRAN 
program which employs modern control theory analysis tech- 
niques. It is developed to be compiled and executed by the 
Naval Postgraduate School* s IBM 3033 System 360/370. Its 
primary capabilities include the calculation of the open 
loop eigensystem, and the fixed closed loop system; the 
synthesis of optimal regulators or filters; the power 
spectral density, and modal distribution computations. 

The fundamental system equations used by the OPTSYSX 
program for its computations are of the state variable form. 
The basic system equations are: 

system model 



x = [F]*x + [G]*u + [ GAM ]*w 



( 2 . 1 ) 



output equation 



y = [H]*x + [D]*u 



( 2 . 2 ) 



measurement equation 



z = [ H ]*x + v 



(2.3) 



estimator equation 



xe 



[ F ]*xe + [G]*u + [K]*(z - [H]*xe) 



1 4 



(2.4) 



open loop transfer function 



[H]*|s[I] - [F]|-»*[G; (2.5) 

closed loop noise transfer function 

[H]*|s[I] - [F]j- 1 *[Gam] (2.6) 

compensator transfer function from measurement to input 
tC]*|s[I Hf>[G]*[CHK]*[H]|-»*[K] (2.7) 



where 

x 

X 

u 

y 

z 

w 

[F] 

[G] 

[ Gam ] 

[H] 

[D] 

[C] 

[I] 



state vector (Ns X 1) 

derivative of the state vector (Ns X 1) 

control vector (Nc X 1) 

output vector (No X 1) 

measurement vector (No X 1) 

white process noise vector (Ng X 1) 

open-loop dynamics or plant matrix (Ns X Ns) 

control distribution matrix (Ns X Nc) 

state disturbance distribution matrix (Ns X Ng) 

measurement distribution matrix (No X Ns) 

control feed-forward matrix (No X Nc) 

control gain matrix (Nc X Ns) 

identity matrix (Ns X Ns) 



OPTSYSX is an extremely large and complex program which 
contains over 4000 lines of code. Its existing standard 
dimensions will accomodate a thirty-second order system with 
up to 10 controls and 10 observations or measurements. To 
execute even this version of OPTSYSX the user requires one 
megabyte of virtual storage. Any further significant 
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additions to that program's size would cause user difficulty 
in obtaining sufficient memory for program execution. It is 
for this reason that Diel' s OPTCALC, Laptas' OPTGRAPH and 
the program developed by this thesis have been developed as 
independent programs which depend upon various data created 
by OPTSYSX. The minor modifications this thesis introduces 
to the OPTSYSX program are not detrimental to its original 
capabilities. 

B. OPTSYSX MODIFICATIONS 

This thesis is confronted with the problem of analyzing 
very large control system models. Therefore, the additions 
of Hoden's subroutine SETUP and Diel's subroutines RDMA1F, 
RDMAT, and WRTI1AT were crucial to system analysis. These 
routines make multiple computer analysis runs possible 
without painstaking re-entry of system parameters and 
matrices. In particular, the system "F", "G", "H", and 
"Gam" are some of the matrices which are stored for re-entry 
into OPTSYSX or stored as data for use by other analysis 
programs. Subroutine WRTMAT is responsible for the storage 
of these matrices in the data file "OPTMAT". It is this 
file which OPTRED utilizes tc input all pertinent full 
system data. 

In many control applications, a control feed-forward 
matrix ("D") is present in the system model. Therefore, 
this thesis makes provisions within OPTSYSX which enable the 
user to save the "D" matrix in the same manner by which the 
other system matrices are saved. Subroutine SETUP, which 
enables the user to input system matrices from file data, 
was changed to enable the user to input the "D" matrix. 
This consisted of adding "D" to the routine's parameter list 
and also added a read statement to input that matrix from a 
data file. Present routines in OPYSYSX which "save" the 
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"F", "G", "H", and "GAM" matrices were complemented by the 
addition of routines which also save the " D" matrix. These 
new routines are analagous to existing "save" routines. In 
addition to these routines a new flag, ISAD, was added to 
the existing flags ISAF, ISAG, ISAH, and IGAM. This new 
flag provides the same function in "saving" matrices as do 
the existing flags. For program continuity, it was also 
necessary to add ISAD to subroutine INNER, which is the 
driving subroutine in the OPTSYSX program. 

Subroutines RDMATF, RDMAT, and WRTMAT also required 
minor changes to accomodate the "D" matrix. These changes 
consisted of the addition of "D" to the subroutine parameter 
lists and the addition of read or write statements for 
either re-entry of "D" into OPTSYSX or for writing "D" to 
the OPTMAT data file. The existing flag, IFDFW, was also 
added to the parameter lists of these routines. This flag 
indicates whether or not a "D" matrix will be input by the 
user. OPTRED uses this flag in its computational methods in 
the same manner as does OPTSYSX. Appendix A lists the 
OPTSYSX program as modified by this thesis. 
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III. analytical development of a reduced order model 



There are numerous methods of order reduction for 
control systems as discussed by Enns [Ref. 8] of Stanford 
University. This thesis uses the theory discussed by DeHoff 
and Hall [Ref. 9] which presents a method of reducing the 
order of the linear system based on dominant states chosen 
by the designer. This dominance is determined by modal 
analysis of the eigensystem under investigation. Dougherty 
[Bef. 10] utilized this same methodology in the development 
of a computational model used in the analysis of the F100 
turbofan engine. A summary of this technique is provided 
below . 

The method of reduction involves finding the eigenvector 
transform matrix, T, such that 



X*T = T*A (3.1) 

where A is the diagonal eigenvalue matrix. Then, by 
defining an alternate state vector, Z, where 

X = T*Z (3.2) 



the original system may be re-written in modal coordinates 
as 



Z = A*Z + T- 1 * G*U 



(3.3) 
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The eigenvalues which are tc be included in the initial 
reduced order model are determined through modal analysis. 
The eigenvalue matrix can be re-ordered by constructing a 
matrix Q, which has the value 1 in the position corre- 
sponding to the eigenvalue to ie included (column) and the 
re-ordered position (row) of that eigenvalue. For example, 
if eigenvalue 20 of the original A matrix was to be 
re-ordered to the first position, a 1 would be placed in the 
(1,20) position of the Q matrix. Now, the reordered matrix 



A' = Q* A 



(3.4) 



is incorporated in the linear model 



Q*Z =A’*Z + q*t- 1 *G*U 



(3.5) 



letting 



Z' = C* Z 



(3.6) 



thus 



Z* = a , *Q- 1 *Z* + Q^T-i^G+U 



(3.7) 



and 



X = t*Q- l *Z' 



(3.8) 



A matrix E can be constructed such that 
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X’ 



R*X 



T*Z' 



( 3 . 9 ) 



X 

2 _ 

This X’ vector is the reordered state vector, where the 
elements contained in the subvector X are those states 
associated with the designers choice of eigenvalues while 
the subvector X2 contains all other states. 

The linear system may now be rewritten 



X* = R*F*R- i*X * + R*G *0 



( 3 . 10 ) 



and 



Y = H*R-i*X' + D*U 



( 3 . 11 ) 



Now define 



F * = R*F *R - 1 



( 3 . 12 ) 



G» = R*G 



( 3 . 13 ) 



H' = H*R-» 



( 3 . 14 ) 



and 



F * 



1 

F 1 

11 l 




1 





( 3 . 15 ) 
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G’ 



(3.16) 



H’ = [H x j H 2 ] 

If the states in X 1 truly model the full order 
then the subvector will be essentially zero and 



X . = F, *X , + F *X + G *U 
1 11 1 12 2 1 



0 = F 21* X 1 + F 22* X 2 * G 2 * U 



Solving for X 2 in Equation 3.19, one has 



X _ = -F -i*F *X + F -i*G *U 
2 22 21 1 22 2 



This is incorporated into Equation 3.18 and 



X, = (F -F *F — **F ) X + (G - F * F - 1 *G )U 

1 11 12 22 2r 1 1 12 22 2 



and the output equation becomes 



(Hr H 2* F 22-'* F 2 1 ,X l + < I - H 2* F 22 - , *G 2 )» 



The reduced order model can now be written as 



= Fr*X + Gr*U 



(3.17) 
system, 

(3.18) 

(3.19) 

(3.20) 

(3.21) 

(3.22) 

(3.23) 
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Y 



(3.24) 



where 



= Hr *X 



+ Dr *U 



Fr = F 

11 


- F *F -i*F 
12 22 21 


(3.25) 


Gr = G l - 


p *p - 1 *g 

12 22 2 


(3.26) 


Hr = H^ - 


H * F - 1 *F 

2 22 21 


(3.27) 


Dr = D - 


H * F -**G 
2 22 2 


(3.28) 



This is the mathematical procedure which OPTRED uses in 
computing reduced order models. The complete OPTRED listing 
is included as Appendix B. 
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IV. THE OPT BED PROGRAM 
A. PBOGBAM OVERVIEW 

OPTRED is an interactive, double precision FORTRAN 
program which uses a specifically formatted data file to 
input full system data. The required matrix inputs from 
this file are the full system "F", "G", "H" and "D» 
matrices. The system flags and parameters which OPTRED must 
also read for program execution are Ns, Nc, No, and IFDFW. 
The OPTSYSX program creates OPTHAT data which is the source 
of this required data. Through interactive input, the user 
specifies all other data which is required to create reduced 
model data. 

OPTRED also reads from the CPTMAT file the noise, feed- 
back control and the output and control cost weighting 
matrices. These are not required inputs but only input to 
the program to facilitate creation of a reduced order data 
file which is identical in format to the OPTMAT data file. 
The final result of OPTRED is the creation of OPTMATR, a 
data file which contains the reduced system "F", "G", "H" 
and "D" matrices and is formatted for re-entry into the 
OPTSYSX program. 

It is possible for the user to construct a data file 
named OPTMAT to provide input data to OPTRED. However, only 
in rare applications would the full system not be analyzed 
prior to the development of the reduced model. OPTSYSX is 
therefore the simplest and most preferred method of data 
generation. 

To execute the OPTRED pregram, a minimum of three 
separate files must be immediately accessible to the user: 
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1) The compiled text file of OPTRED 

2) The OPTMAT data file 

3) The OPTRED EXEC file 

The first two reguired files are self explanatory. The 
OPTRED EXEC file sets up the reguired read/write file defi- 
nitions and calls the necessary library functions for execu- 
tion using the IBM 3033 System. This EXEC allows the user 
to execute the OPTRED program by simply entering the word 
"OPTRED" at the terminal. The program then continues in a 
user-interactive mode until completion as described in the 
next section. The OPTRED EXEC file is listed in Appendix C. 

B. PROGRAM OPERATION 

OPTRED was written to satisfy two specific objectives. 
The first is to provide a method to assist in the analysis 
of actual large order control systems. The second is to 
create a program to be used as an instructional tool for 
students studying controls related problems. 

To accomplish these objectives the emphasis while 
creating OPTRED was to make the program as user oriented as 
possible by eliminating data entry ambiguities and providing 
features which prevent the user from other inadvertant or 
invalid program entries. A serious effort was also made to 
minimize the amount of virtual memory reguired to execute 
this program. 

1 . P rog ram Co mpo sit ion and Flow 

OPTRED is composed of one main program and seven 
subroutines. The program can be divided into three basic 
catagories: 

1) File Data Input 

2) Interactive Data Input 

3) Calculation 
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Both file and interactive data entry is accomplished 
hy the main program and by the primary subroutine, REDUCX. 
The actual computation of the reduced order model is 
performed by subroutine REDUCX which utilizes subroutines MI 
and MAMOLT for its matrix inversion and multiplication 
requirements. The remaining subroutines are utilized 
throughout OPTRED for interactive entry of numerical - and 
character string data. The program requires no external 
subroutines for its execution. 

The main program begins by presenting the user with 
a brief operational description of OPTRED. At this point, 
the user is given the option of having the program’s general 
results repeated to the screen cr printed to a listing file. 
OPTRED creates a permanent data file which contains the 
reduced data regardless of the user's option here. The 
program then reads full system flags and parameters, 
excluding matrices, from the CPTMAT data file. A brief 
description of the full system under investigation is then 
presented as an indication to the user that the desired data 
is being input. This description includes the order of the 
system, the number of controls and observations and whether 
or not a system "D" matrix will be input. The latter is 
indicated either by ” " or "net" in the following example. 
The program then prompts the user for entry of the desired 
order of the reduced system. 

The main program presentation as it appears during 
execution: 



OPTRED 



OPTRED HILL COMPUTE A REDUCED ORDER MODEL FROM FULL SYSTEM 
"F","G»,»H", AND »D" (IF INPUT) MATRICES. 

THE FULL SYSTEM MATRICES MUST Bi READ FROM A FILE NAMED 
"OPTMAT DATA" AS CREATED BY THE OPTSYSX PROGRAM. 



YOU MUST ALSO ENTER THE DESIRED REDUCED ORDER (NUMBER OF STATES) 
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AND THE ACTUAL STATE #»S (IN ASCENDING ORDER) WHICH REPRESENT 
THE REDUCED MODEL. THE ORDER OF THE REDUCED ORDER MODEL MUST 
BE LESS THAN THE ORDER OF THE FULL SYSTEM. 

DO YOU WISH TO CONTINUE? 

TYPE "YES" OR "NO". 

DO YOU WISH RESULTS TO SCREEN OR DISK? 

NOTE: A DATA FILE CONTAINING THE REDUCED ORDER DATA 
WILL BE GENERATED REGARDLESS OF YOUR ANSWER. 

TYPE "S" FOR SCREEN OR "D" FOR DISK. 

THE ORDER OF THE FULL SYSTEM IS: 

THE NUMBER OF CONTROLS IS: 

THE NUMBER OF OBSERVATIONS IS: 

A "D" MATRIX WILL BE INPUT. 

DO YOU WISH TO CONTINUE? 

TYPE "YES" OR "NO". 

ENTER THE DESIRED REDUCED ORDER OF THE "F" MATRIX. 

Subroutine REDUCX is now called and immediately 
reads the full system matrices from file data. The user is 
then prompted for entry of the significant states which will 
compose his reduced model. This program makes a provision 
for entry of significant states from a specifically 

formatted, user created data file. At this point in the 
program he is given that option. Once the significant 
states have been entered, the program repeats those states 
to the screen and the user is given the option to make 
changes at that time. If the significant states are satis- 
factory to the user, the program continues with the computa- 
tion of the reduced order model. At the completion of 
OPTRED, the reduced system data is created and can be exam- 
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ined for stability, controllability and observability by 
other analysis techniques as discussed in the following 
section. Prior to exiting the OPTRED program, the user is 
provided the option of re-executing OPTRED if he finds 
initial results unsatisfactory. A typical recording session 
which depicts this program flew is presented in the next 
section. 

2 • U se r Pr otect i on F eatur es 

The user of OPTRED is protected from abnormal 
program termination in several ways. Initially, the program 
presents its capabilities and user required entries. If he 
is not prepared to continue at this point, the user is 
offered the option of exiting the program. Next, the full 
system parameters are presented and the user is once again 
able to exit if these parameters are unexpected. 

OPTRED requires that the order of the reduced system 
be greater than zero but less than the order of the full 
system. If the user inadvertantly enters a number which is 
out of this range, the program issues a warning to that 

effect and allows recovery. The computation of the reduced 
order model relies upon the construction of a reduced state 
matrix. OPTRED requires that these states be entered in the 
order that they would normally appear in this matrix. For 
this reason, the user must enter the significant state 
numbers in ascending order and those state numbers must lie 
in the range from one to the cumber of states in the full 
system. If the user inadvertantly enters these state 

numbers out of order or out of range the program prompts a 
warning and allows recovery. 

The method of reduced order computation involves the 

inversion of the state submatrix F , as described in 

22 

Chapter III, Equations 3.25 through 3.28. The nature of the 
plant matrix and the selection of reduced order states can 



27 



be coupled such that this matrix will be singular or non- 
invertable. OPTRED will detect this condition and issue 
information to the user that a reduced order model cannot be 
calculated for that full system from the given desired 
reduced states. Reduced data will still be computed but the 
user is warned that this data is invalid. 

Subroutines RDINT, RDREAL and RDCHAR are responsible 
for the interactive input of data and expect an integer 
input, a real number input and a logical "YES" or "NO" input 
respectively. If the user inadvertantly makes an incompat- 
ible entry these subroutines issue warnings and allow 
another opportunity for data entry. The entry of a null 
line is included in these improper actions and the entry of 
two consecutive null strings will cause termination of the 
program. This function allows the user a further means of 
exiting OPTRED if he so desires. 

3. La r ge Order Systems 

The analysis of large order systems, particularly 
the ninety-eigth order model, presents a major problem to 
the user with limited virtual memory assets. The longitu- 
dinal control system analyzed by this thesis has a (98 X 98) 
"F" matrix, a (2 X 98) "H" matrix and a (98 X 1) "G" matrix. 
To analyze this system, OPTSYSX must be executed in its 
"increased dimension" form. To compile and execute this 
version of OPTSYSX requires 2.5 Megabytes of virtual memory. 

Both OPTRED and OPTGRAPH are also dimensioned to 
enable analysis of a ninety-eigth order model. When 
OPTSYSX, OPTRED, OPTGRAPH and their peripheral data are all 
used during a typical analysis session, very careful atten- 
tion to file and virtual memory management is mandatory to 
prevent the user from exceeding his virtual machine's 
capacity . 
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C. INTERFACE WITH OTHER ANALYSIS PROGRAMS 



To sufficiently analyze a control system it is desirable 
to utilize OPTS YSX , OPTCALC, CPTGRAPH and OPTRED. It may 
also be desirable to conduct this analysis during a single, 
continuous interactive computer session. However, in the 
analysis of very large systems this concept presents serious 
difficulties in the areas of program flow, data management 
and physical memory assets. For this reason, OPTRED has not 
been developed to be fully automatic in its interface with 
these other analysis programs. 

The OPTRED program requires the existance of the OPTMAT 
data file. As previously discussed, OPTRED generates the 
CPTMATR data file which contains the reduced model data. To 
analyze this data using OPTSYSX, the user must now rename 
the OPTMATR data file for entry into OPTSYSX as OPTMAT data. 
Care must be exercised at this point to either erase the 
full system data file or to rename it to prevent ambiguous 
data files. Although this procedure may seen cumbersome at 
first, it is easily accomplished in the XEDIT mode and 
provides the user with the capability of maintaining several 
system data files which are readily available for analysis. 

After OPTSYSX processes the reduced data, additional 
data files are created which enable the execution of other 
system analysis programs. OPTGRAPH and OPTCALC utilize the 
OPTMAT and OPTGROL data files, respectively, to provide the 
functions described in chapter 2. When the user is investi- 
gating several systems it is both prudent and convenient to 
rename these files after their use for the purpose of future 
analysis. 

D. EXAMPLES OF ORDER REDOCTION 

Two large order systems will be presented to evaluate 
reduced models generated by OPTRED. The first system is a 
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sixteenth order model of the F100 turbofan engine. The 
final example is a ninety- eighth order model of the X-29A 
aircraft's longitudinal control system. Bode analysis was 
conducted for the full and reduced models and graphical 
comparisons follow at the end of the chapter. Recorded 
terminal sessions for each example will be presented to 
fully illustrate actual program operation. 

1 . Ex ampl e of a Sixtee nth Order System 

The F100 turbofan engine was chosen for initial 
analysis and [Ref. 9] describes this system in detail. The 
system "F", "G", "H" and "D" matrices were obtained from 

[Ref. 9: pp. 83-85] and the method of data entry to OPTSYSX 

is depicted in subroutine SETUP found in Appendix A. The 
selection of significant states is based upon a desired 
control bandwidth of 1 to 10 Hertz and following modal anal- 
ysis these states were chosen as 1, 2 , 5, 11 and 16. The 

following is a computer terminal system in which a fifth 
order model is generated. 

BEGIN RECORDING OF TERMINAL SESSION 
R; T=0. 01/0.03 21:05:48 
OPTRED 

FILEDEF 05 TERM 

FILEDEF 03 DISK REDUCI DATA Al 

FILEDEF 06 DISK OPTRED LISTING Al 

FILEDEF 07 DISK STATES DATA Al 

FILEDEF 09 DISK OPTMAT DATA Al 

FILEDEF 10 DISK OPTMATR DATA Al 

GLOBAL TXTLIB FORTMOD2 MOD2EEH IMSLDP NON IMSL 

LOAD OPTRED { START 

EXECUTION BEGINS... 

OPTRED WILL COMPUTE A REDUCED ORDER MODEL FROM FULL SYSTEM 
"F","G","H", AND "D" (IF INPUT) MATRICES. 
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THE FULL SYSTEM MATEICES MUST BE READ FROM A FILE NAMED 
"OPTMAT DATA" AS CREATED BY THE OPTSYSX PROGRAM. 

YOU MUST ALSO ENTER THE DESIRED REDUCED ORDER (NUMBER OF SIATES) 
AND THE ACTUAL STATE #’S (IN ASCENDING ORDER) WHICH REPRESENT 
THE REDUCED MODEL. THE ORDER OF THE REDUCED MODEL MUST BE 
LESS THAN THE ORDER OF THE FULL SYSTEM. 

DO YOU WISH TO CONTINUE? 



TYPE "YES" OR "NO". 



YES 

DO YOU WISH RESULTS TO SCREEN OR DISK? 



NOTE: A DATA FILE CONTAINING THE REDUCED ORDER DATA 
WILL BE GENERATED REGARDLESS OF YOUR ANSWER. 

TYPE "S" FOR SCREEN CR " D " FOR DISK. 

S 

THE ORDER OF THE FULL SYSTEM IS; 16 
THE NUMBER OF CONTROLS IS: 5 

THE NUMBER OF OBSERVATIONS IS: 7 

A "D» MATRIX WILL BE INPUT. 

DO YOU WISH TO CONTINUE? 

TYPE "YES" OR "NO". 

YES 

ENTER THE DESIRED REDUCED ORDER OF THE "F" MATRIX. 

7 

18 

***** EARNING: REDUCED ORDER MUST BE GREATER THAN 0***** 

AND LESS THAN 16 

ENTER THE DESIRED REDUCED ORDER OF THE "F" MATRIX. 

7 

5 

DO YOU WISH TO INPUT DESIRED STATES FOR YOUR REDUCED ORDER 
MODEL FROM A DATA FILE? 
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DATA TILE MUST BE NAMED "STATES DATA A1 " IN FIXED FORMAT. 
THE READ FORMAT IS "1315" PER 72 CHARACTER LINE. 

TYPE "YES" OR "NO". 

NO 

ENTER THE "N" SIGNIFICANT STATES WHICH REPRESENT THE REDUCED 
MODEL. ENTER STATE #’S IN ASCENDING ORDER. 

STATE # 1 = 

7 

1 

STATE # 2 = 

o 

2 

STATE # 3 = 

7 

3 

STATE # 4 = 

7 

1 1 

STATE # 5 = 

7 

16 



THE REDUCED MODEL STATES ARE: 

1 2 3 11 16 

DO YOU WISH TO CHANGE ANY OF THE SIGNIFICANT STATES? 
TYPE "YES" OR "NO". 

YES 

ENTER THE N- TH STATE # TO BE CHANGED. 

7 

3 

ENTER NEW STATE # 3 

5 
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THE REDUCED MODEL STATES ARE: 

1 2 5 11 16 

DO YOU WISH TO CHANGE ANY OF THE SIGNIFICANT STATES? 

TYPE "YES" OR ''NO''. 

NO 

(OUTPUT TO THE SCREEN FOLLOWS) 

THE DESIRED REDUCED ORDER IS: 5 

THE REDUCED MODEL STATES ARE: 



1 2 


5 1 1 


16 






THE REDUCED 


PLANT MATRIX 


("F") IS: 






-3. 0 509D+00 


2.4726D+00 


-3.5898D+02 


8.6913D+00 


9. 1332D-02 


1. 2243D-01 


-1 .6271D+00 


4 . 1 0 60D+0 1 


4. 2898D+00 


3. 0229D-0 1 


2. 7286D-03 


-2. 8331D-03 


-7.4276D+00 


-1. 16 95D-02 


-9 . 4624D-03 


4. 1314D+00 


-5.3854D+00 


-1 .6257D+03 


-5. 3853D + 0 1 


-2. 79 11 D+00 


-1. 0770D+00 


2. 2320D+00 


1 . 1467D+03 


1. 9087D+01 


-4. 88S7D+01 


THE REDUCED 


CONTROL DISTRIBUTION MATRIX 


("G") IS: 




-3. 5445D-02 


-1. 4080D+02 


-9.33C1D+01 


2. 3597D+0 1 


-1. 83 79D+04 


-4.4 0 94D-01 


-2. 7221D+01 


7.83 C6D+00 


-1 . 0960D+01 


-9.9711D+03 


1. 7526D-02 


-3. 7646D+0 1 


1.21 13D-01 


-7. 8465D-02 


-1. 1931D + 02 


1 . 9802D+0 1 


3. 1635D+02 


4. 9385D+0 1 


-7. 6813D+01 


4. 8330D+04 


-1. 8909D+00 


7. 2700D+01 


-3.0436D+01 


2. 8867D+01 


7. 0035D+03 


THE REDUCED 


OUTPUT DISTRIBUTION MATRIX 


("H") IS: 




1. 9281D-01 


1 . 0750D-0 1 


1 . 8753D+02 


1. 2088D+00 


7.0796D-02 


6. 4607D-03 


-9. 9442D-07 


-9.1 543D-0 3 


-5. 6722D-05 


-1. 9316D-05 


o 

• 

o 


0.0 


0.0 


1. 0000D+00 


0.0 


1. 2535D-05 


1.351 2D-05 


-3. 12 66 D- 02 


-1. 3900D-04 


-4. 8476D-05 


-4. 8870D-05 


1. 4796 D- 04 


1.0 160D-03 


-5. 1681D-05 


1 . 44 91 D- 05 


1.6 598D-0 5 


-5. 0355D-05 


-3. 75 63 D- 02 


-1. 7308D-04 


-5. 9561 D-05 


7.24 15D-06 


-8. 1255D-07 


-1 .0493D-02 


-4. 9442D-05 


-1. 6687D-05 
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THE REDUCED FEEDFORWARD MATRIX ("D") IS: 



-1. 0377D-01 
-1. 0929D-04 
0.0 

8. 6209D-05 
-1. 5078D-05 
1. 0794D-04 
2. 9257D-05 



3.4001 D+00 
-2. 281SD-01 
0.0 

-8.53 10D-0 3 
4. 1932D-03 
5. 63 5 6 D- 03 
9. 8556 D-04 



1.0378D+01 
3.11 C9D-01 
0.0 

-4. 4940D-03 
- 9 . 3 7 97 D- 0 4 
-4. 09 47 D-04 
3.2771D-04 



1. 701 9D+ 00 
4. 8490D-03 
0 . 0 

-9. 5892D-05 
-3. 9608D-03 
-7. 9878D-04 
-9. 4642D-05 



-4. 1 1 89D + 03 
-1. 31 053+01 
0 . 0 

-4. 45 13D-01 
9.68 95D-0 1 
-3. 1434 D-01 
-8. 3787D-02 



ANALYSIS COMPLETE. .. YCUR REDUCED SYSTEM DATA HAS BEEN SAVED 
IN A FILE NAMED "OPTMATR DATA". 



NO 



DO YOU DESIRE ANOTHER RUN? 

IF YES, THE RESULTS OF THIS RUN WILL 
REPLACE YOUR LAST OPTMATR DATA. 

TYPE "YES" CR "NO". 



OPTRED IS NOW TERMINATED 



R; T=0. 38/0. 77 21:06:56 
RECORD OFF 

END RECORDING OF TERMINAL SESSION 

This is a typical computer terminal session in which 
the user requested output to the screen. Note also, that 
some of the user protection features of OPTRED are involked 
during this session. 

Following this analysis, the OPTMATR data file was 
renamed OPTMAT data and OPTSYSX was executed using the 
reduced model data. The eigensystem was analyzed for desir- 
able characteristics , including stability, and was compared 
to the full system eigenvalues. This analysis proved satis- 
factory and further comparison of the full and reduced 
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models was accomplished by obtaining Bode diagrams for the 
system open loop transfer functions. Figures 4.1 and 4.2 
illustrate the full system and reduced system Bode plots 
respectively. The similarity, especially within the control 
bandwidth, is readily apparent. The frequency responses 
shown are for system input 1 and output 1. Analysis of 
other input/output combinations revealed the same favorable 
comparisons. 

2 . Exam ple of a Nine ty-eighth Order S ys tem 

The X-29A control system includes a ninety-eighth 
order dynamics matrix. The measurement scaling matrix is 
constructed such that there are two measured outputs. These 
outputs represent the system with and without a notch 
filter, respectively. Full system matrix data as well as 
eigensystem data was obtained for this model from 
NASA-Edwards. Full system data was first entered into 
OPTSYSX using subroutine SETUP and the overall system was 
analyzed. Sixty significant states were identified and are 
shown in the following recorded terminal session. This 
example also illustrates program execution where no "D" 
matrix is input and the reduced system states are entered by 
means of file data. During this session the user also 

chooses to have the general reduced model data printed to a 
listing file. 

BEGIN RECORDING OF TERMINAL SESSION 
R; T=0. 0 1/0. 02 12:23:56 
OPTRED 

FILEDEF 05 TERM 

FILEDEF 06 DISK OPTRED LISTING A1 

FILEDEF 07 DISK STATES DATA A1 

FILEDEF 09 DISK OPTMAT DATA A1 

FILEDEF 10 DISK OPTMAIR DATA A1 

GLOBAL TXTLIB F ORTMOD2 MOD2 EEH IMSLDP NONIMSL 
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LOAD OPTRED ( START 
EXECUTION BEGINS... 

OPTRED HILL COMPUTE A REDUCED ORDER MODEL FROM FULL SYSTEM 
"F" , "G" ,"H", AND "D" (IF INPUT) MATRICES. 

THE FULL SYSTEM MATRICES MUST BE READ FROM A FILE NAMED 
"OPTMAT DATA’ 1 AS CREATED BY THE OPTSYSX PROGRAM. 

YOU MUST ALSO ENTER THE DESIRED REDUCED ORDER (NUMBER OF STATES) 
AND THE ACTUAL STATE #'S (IN ASCENDING ORDER) WHICH REPRESENT 
THE REDUCED MODEL. THE ORDER OF THE REDUCED MODEL MUST BE 
LESS THAN THE ORDER OF THE FULL SYSTEM. 

DO YOU KISH TO CONTINUE? 

TYPE "YES" OR "NO". 

YES 

DO YOU WISH RESULTS TO SCREEN OR DISK? 

NOTE: A DATA FILE CONTAINING THE REDUCED ORDER DATA 
WILL BE GENERATED REGARDLESS OF YOUR ANSWER. 

TYPE "S» FOR SCREEN OR "D" FOR DISK. 

D 

THE ORDER OF THE FULL SYSTEM IS: 98 

THE NUMBER OF CONTROLS IS: 1 

THE NUMBER OF OBSERVATIONS IS: 2 

A "D" MATRIX WILL NOT BE INPUT. 

DO YOU WISH TO CONTINUE? 

TYPE "YES" OR "NO". 

YES 

ENTER THE DESIRED REDUCED CRDER OF THE "F" MATRIX. 

7 

60 

DO YOU WISH TO INPUT DESIRED STATES FOR YOUR REDUCED ORDER 
MODEL FROM A DATA FILE? 
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DATA PILE MUST BE NAMED "STATES DATA Al" IN FIXED FOEMAT. 
THE READ FORMAT IS "1315" PER 72 CHARACTER LINE. 

TYPE "YES" OR "NO". 

YES 

THE REDUCED MODEL STATES ARE; 



1 


2 


3 


4 


5 


6 


12 


13 


14 


15 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


55 


62 


63 


64 


65 


66 


67 


68 


69 


70 


7 1 


72 


73 


74 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 


96 


97 


98 













DO YOU WISH TO CHANGE ANY OF THE SIGNIFICANT STATES? 

TYPE "YES" OR "NO". 

NO 

ANALYSIS COMPLETE. .. YOUR REDUCED SYSTEM DATA HAS BEEN SAVED 
IN A FILE NAMED "OPT MATE DATA". 

DO YOU DESIRE ANOTHER RUN? 

IF YES, THE RESULTS OF THIS RUN WILL 
REPLACE YOUR LAST CPTMATR DATA. 

TYPE "YES" OR "NO". 

NO 

OPTRED IS NOW TERMINATED 

R; T=17. 70/18. 51 12: 25: 07 
RECORD OFF 

END RECORDING OF TERMINAL SESSION 

The eigensys terns for both systems were analyzed for 
stability and other desireable characteristics. Bode plots 
were obtained for both input/output combinations and these 
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graphs for the full and reduced systems are included as 
Figures 4.3 through 4.10. The input/output combination 
(1/1) shows the response of the system without the notch 
filter while the (1/2) input/output combination depicts the 
frequency response of the system after the addition of the 
notch filter. These figures clearly indicate excellent 
agreement between the full and reduced order systems in the 
frequency domain. 
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16— TH ORDER input # = 1 

OUTPUT # = 1 

OPEN LOOP TF BODE MAGNITUDE dc gain = 3.410*10- 




39 




40 



Figure 4.2 Reduced System Bode Plot for the F100 Engine. 
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Figure 4.3 X-29A Full System Without Notch Filter 
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Figure 4.4 X-2SA Reduced System Without Notch Filter 
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FREQUENCY - RADIANS PER S ECONI) 

Figure 4.5 X-29A Full System Without Notch Filter 
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Fiqure 4.6 X-29A Reduced Systen Without Notch Filter 




98— TH ORDER input # = 1 

OUTPUT § = 2 

OPEN LOOP TF BODE MAGNITUDE dc gain =-3.773*10 
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FREQUENCY - RADIANS PER SECOND 

Figure 4.7 1-29 A Full System With Notch Filter. 
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Figure 4.8 X-29A Reduced System With Notch Filter. 
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Figure 4.9 1-29 A Full System Hith Notch Filter. 
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FREQUENCY - RADIANS PER SECOND 




7. CONCLUSIONS AND RECOMMENDATIONS 



A. CONCLUSIONS 

The computational capabilities of OPTRED were tested by 
analyzing two significant large order systems. The determi- 
nation of the validity of both full order and reduced order 
results was greatly simplified by the eigensystem data for 
the X-29A provided by NASA-Edwards. As discussed by Laptas 
£Ref. 6], OPTSYSX failed to produce valid open-loop transfer 
function zeroes when analyzing very large systems. However# 
through modal analysis and with the aid of the NASA data# 
the extraneous zeroes were easily identified and the open 
loop data created by OPTSYSX was corrected. 

The results of OPTSYSX and OPTGRAPH indicate a very 
strong similarity between the full system and the reduced 
system generated by OPTRED both in stability and in the 
frequency domain. The combined analytic capabilities of 
OPTSYSX, OPTGRAPH and OPTRED provide a powerful tool for the 
controls designer for use in the analysis, development and 
the implementation of complex large order systems. 

B. RECOMMENDATIONS 

Eased upon the results of this thesis the following 
areas are recommended for further study and research. 

1 . C ompa ri son of Syste m Time Response 

Although the reduced model must closely resemble the 
full system in the frequency domain# it should also compare 
favorably in the time domain. OPTCALC, the time response 
program# requires several modifications to enable its use 
for analysis of systems as large as those presented in this 



thesis. The addition of this program to the analysis tech- 
nique will provide a further means of verification of the 
accuracy and fidelity of the reduced order model. 

2 . Interfa ce with Other Analysis Progr am s 

The Naval Postgraduate School’s Aeronautical 
Engineering Department has developed a collection of anal- 
ysis programs including OPTSYSX, OPTGRAPH and 0PTCA1C. 
These programs exist in a single "module" which enables the 
user to interactively execute these programs during a single 
computer terminal session. The feasibility of adding OPTRED 
to this module should be investigated. If necessary, these 
programs would require re-dimensioning and could create a 
very large memory size requirement. Additions and modifica- 
tions would also be necessary in the OPTSYSX EXEC to enable 
the execution of OPTRED and then transfer execution to 
OPTSYSX for the analysis of the reduced model. This 
controlling EXEC must also manage the data files upon which 
the individual programs depend. 

3. Alt er nate Order Red uction Techniques 

Finally, other methods of order reduction should be 
investigated. Comparisons of reduced order models which are 
generated by different techniques would provide the controls 
designer with additional means of reduced model verification 
and analysis. 
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CALL FRTCMS ('CLRSCRN *) 

WRITE (5,720) 

CALL RDREAL ( ANSR) 

NS=IDI NT (ANSR) 

352 IF (IOL.EQ.2) GO TO 3 60 

IF ( (ISAG. EQ. 1) .AND. (IRDMAT.EQ. 1) ) GO TO 354 
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CALL RDINT (IANS) 
L=IANS 

WRITE (5,110) K,L 
CALL RDREAL (ANSR) 
DUH=ANSR 









• X 


S 


c 


II 


II 


n 


1 








1 


* 


w 




II 




ii 


1 








1 


X . 


H 


r .CD 


II 




ii 


1 








1 


H . 


W 


O C 53 


II 




ii 


1 








1 


Q3 • 




53W*C 


II 


• 


ii 


1 








1 


EH r-*n 


X 


E 03 


II 


r*~\ 


, ii 


1 








1 


<3 X 


H 


53U 


II 


X 


ii 


1 








1 


s :^h 


03 


03 <3 


II 


H 


n 


1 








1 


1 cu 


Eh 


0=3 W 


II 


03 


ii 


1 








1 


: to H 


< 


UPQ 


II 


H 


n 


1 








1 


233*3 


sn 


s 


II 


*3 


ii 


1 








1 


2 




to wo 


II 


S3 


n 


1 








1 


w 1 


X 


W CQ H 


II 




ii 


1 








1 


to = 




X 


II 


• 


n 


1 








1 


XWS3 


< 


= OH 


II 


H 


ii 


1 








1 


HH: 




H53 


II 


to 


ii 


1 








1 


03 *$^ 


Pm 


03 W 


II 


H 


ii 


1 








1 


hh 


O 


WH S3 


II 


Cl 


n 


1 








1 


<tOX 




H53W 


II 




ii 


1 








1 


s: h 


W 


53 W H 


II 


Q 


n 


1 








1 


=*=03 


o 


W S3 W 


II 


03 


ii 


1 








1 


CD H 


H 


W 


II 


*3 


ii 


1 








1 


^s53X*3 


< 


hw 


II 


2s 


ii 


1 








1 


ii H s: 


5> 


— W23 


II 


03 


n 


1 








1 






X H 


II 


O 


ii 


1 








1 


23^0^ 


W 


03 W 


II 


Pm 


n 


1 








1 


(NU32 


23 


HWPm 


II 


1 


n 


1 








1 


*tO^HH 


H 


53HO 


II 


C 


n 


1 




s 




1 


CN H 




W 


II 


W 


ii 


1 




O 




1 


H Eh to <3 


Pq 


Pm u3 


II 


w 


n 


1 




Q 




1 


Mz; 525 o 


CD 


*30 w 


II 


Pm 


ii 


1 




II 




1 


Mwoto 


53,— nEh m 


II 




ii 


1 








1 


CEH 


*3 • 


*3 03 *3 


II 


H 


n 


1 




O 




1 


^-WHH 


23 = 


QHD 


II 


525 


n 


1 




% 




1 


*03*3 53 


uo 


00 53 


II 


W 


ii 


1 




H 




1 


fND>H 


52! 


03 S 


II 


^S3 


ii 


1 




— 




1 


Ht0 03S3 


Or 


W O 53 


II 


QW 


ii 


1 




O 




1 


^flWW 


Eh 


PH 53 S3 


II 


*03 


ii 


1 




23 




1 


v -"Wtoo3 


03 


o o 


II 


Cl 2D 


ii 


1 








1 


KSCQD 


SO 


«3h| 


II 


*3tO 


ii 


1 








1 


OtO 


to 


PHOO 


II 


tO <3 


ii 


1 








1 


EH W «c 


HE 


S3 03 CJ 


II 


HW 


II 03 


1 




H 




1 




sto 


H 


II 


*S3 


II to 


1 




• 


► 


1 


HH S3 


W 


WW 


II 




II 53 in 


1 


m 


cv 




1 


3 || 


ox 


• •03 23 


II 




II ** rn 


1 




w 


53 


1 


W03 W 


on 


OHH 


II 


*x 


II * 


1 


53 ^ 


• 


03 


1 




X 


53 


II 


OH 


II S3HXO 


1 


03 U 




u 


1 


W EH O Eh 


w 


H 03 03 


II 


525 03 


II t=> *■> H 


1 


U 53 




to 


1 


SHE 


oph 


53 WW 


II 


'“‘H 


I1QX53 ^ 


1 


to * 


9 


03 


1 


WWtOiO 


QX 


03 H EH 


II 


*3 


II * O O 03 


1 


03 O 


Cl 


Cl 


1 


KrrjZrt 


03 EH 


*3 525^ 


II 


Q S3 


II — JOXO vto 


1 


H 53 


53 


u 


1 


BOW * 


rrns 


12WW 


II 


Q 


II U MS3 H 53 


1 


U » 


*3 


•» 


1 


tcios:x 


in CD 23 PC 23 


II 


*3 = 


|| 2HH^s 


1 


- Q 


• 


**— * 


1 


^ MHO 


m-^OCN 


II 


WO 


|| ^ ^ — 


1 


*— < • *-n w * 






1 


' X Q r "~ 


x ^ninin 


II 


03 = 


II otox *oquo 


1 


o 


53 53 W 


to 


1 


M-O 33 * 


inx 


^ % 


II 




|| 53 O*- 25 525 OH 03 


1 


to CNH 


% % i 


S3 


1 


X 


\oxxx 


II 


WW 


||— ^ M-rtJCO 


1 


2Z r~03 


<-<~OJ 


u 


1 


^nx^rX 


\<- 


i-mm 


II 


525 23 


II QH» • *-r-r- »fcW 521 


1 


U MH 


i II II WWWOWH 


1 


‘ — ^ % — ' 




► — -WW 


II 


HH 


ii xcin ii ii mo3<t: ww 


1 


HWiOH 


HO . pDOmow 


1 


X 


X 


II 


H 


II 03X<C— H^^Q II 2D2D 


1 


0323— < 


H 525 25 


525lH;z; 


1 


HHOH 


H\HH H 


II 


OtO 


II 00 WH t0 03 #—325 52 ; 


1 


Pm 525 S3 


OOMHH O H « 


1 




*3 **3*3*3 


II 


OH 


II * CD H WOO W OHH 


1 


HW 


CP. CO — H Eh Eh H H 2d 


1 


ES ^2 


S3 X 


S3 S S3 


II 


03 2D 


II WWkC— ' HCN^-HH H 


1 


HH HH 


53 53 


53HH 


1 


03 03 \03 


03H03P3 03 


C II 


PQ PH 


II ^ Eh Eh H HHH22 


1 


H53HH 


OOPhOOOCX w 


1 


OONO^O^OOO 


53 II 


C25 


|| W53<Pm03OO03^ > -'OO 


1 


*3003*3 


QQHUUOUU« 


1 


pH Pin Mm XW PM PM PM Pm ,-JH || 


tO H 


|| D3HQH2QQI3SUPUU 


1 


UUSU 






1 

1 


r- r- 






II 

II 




II 

II 


1 

1 






O 


1 

1 


OO o 


o 


ooo 


II 

II 




II 

II 


1 

1 




oo 


O 


1 


«-CN m 


cr 


in vox 


II 




II OO 


1 


oin 


CO CP 


r- 


u 


r-r- 


r— 


r-f— t— 


U 


uu ^fsunn 



120 

















ps52 • 


22 ^-n Q 


II 


II II 
















1 


00 


w .^*w 


II 


\ 1 1 
















1 


Ph H X 


H r .0 


II 


X II 
















1 


a co h 


W OQ53 


II 


H II 
















1 


wz as 


53 W< 


II 


OS II 
















l 


W W EH 


x r ok 


II 


H M 
















1 


W53 < 


H ZU 


II 


< II 
















1 


h 52 


PS PS < 


II 


S3 II 
















1 


XQ 1 


H 032 W 


II 


II 
















1 


33 = 


< UCQ 


II 


53 II 
















1 


xcn Q 


s : 


II 


O H 
















1 


H^r r 


CO WO 


II 


H II 
















1 


M ^ ' — ' 


X WCQH 


II 


H II 
















l 


HX 


32 X 


II 


O II 
















1 


<00 X 


< = OH 


II 


DQ II 
















1 


22 * h 


EH23 


II 


H II 
















1 


X « 


pH PS w 


II 


PS 11 
















1 


CCX H 


O W H 52 


II 


H || 
















1 


O * < 


H23W 


II 


CO II 
















1 


CO • 52 


W SWW 


II 


H II 
















1 


o^> 


C3 W52 W 


II 


Q II 
















1 


psx 2 ; 


H W 


II 


II 
















1 


^CCH O 


< H W 


II 


H II 




o 












1 


II Eh OS H 


> — W 32 


II 


O II 




in 












1 


Eh 


X H 


II 


PS II 
















1 


a:w<,_*n 


W PSW 


II 


H II 




o 












1 


cnWshq 


32 H32Ph 


II 


53 II 




Eh 












1 


*W 1 UH 


H rs Eh O 


II 


O II 
















1 


CM : 2K 


W 


II 


U II 




O 










52 


1 


HEhQ'-^h 


W WPS 


II 


V -H|| 




o 










0 


1 


*52 r co 


O <0^3 


II 


II 














Q 


1 


*W^HOH 


52.->H Q 


II 


x 11 














II 


1 


3352 HQ 


< .<PS52 


II 


H II 
















1 


r wxo 


2 : nwD 


II 


PS II 




tvj 










O 


1 


*QS H PS Q 


DO CQ53 


II 


Eh II 




H 










% 


1 


CNOOSHPS 


25 PS S2 


II 


w=S II 




• 










H 


1 


HCOEh 2J< 


0= W22 


II 


OS3 II 




W 










*— 


1 


*< <OS: 


Eh W53S3 


II 


* II 




52 










Q 


1 


'— W?2 UPS 


PSO 0 


II 


or II 




• 












1 


Q S3 O 


32 O PS 3c H 


II 


<0 II 




CO 












1 


52=*W 


CO OiOO 


II 


cor n 




52 












1 


HWO Q 


Hr 52 PS u 


II 


H II 


nso 


< 




0 






W 


«— * 1 


23HXW 


rscoH 


II 


VW II 


co< 


H 




CT> 






• 


- 1 


WHH W 


w ww 


II 


U 32 II 


55CO O 












O 


1 


*2 Or-W 


33 pH • • 32 32 


II 


*SfcH II 


< M =T 


• 




O 






W 


53 1 


HffiCQO 


0= OHH 


II 


* II 


* % 


Q 




£H 






• 


as 1 


HWH2W 


X s 


II 


COCO II 


S2HXO 


52 










O 


u 1 


whps^-cc 


P3HPSPS 


II 


35H II 


33 H 


*— ■ s< 




0 






*— 


CO 1 


2: Eh H 


OP2 W W 


II 


O II 


QUS5S 


CO • 




O ^ 




WPS 


• 


PS 1 


WW COCO 32 


QXPSHH 


II 


CL, || 


* O 


52.-* 




CO 


CO 


<0 


Q 


W | 


32 32H520 


32Eh<S3S 


II 


0 55 II 


^.0X0 


<x 




^ 2 : 


2 ; 


h*S53 


21 


U 1 


EHctQOin 


ct 32 3 = w W 


II 


QH II 


U *N2 


HH 




fS) < 


< 


< 


< 




32 in H * 


in 0^32 32 32 


II 


< II 


53HH*~* 


*— ** w ' • 




m^m 






• 


*— | 


cr oshx 


v-r-OfO 


II 


Wx 11 


% * %r- 


o W 


0 


•O'— 


O — 


O 


OCJ^s 


1 


r-xcr <m 


x ho min 


II 


PSH II 


COCOX • 


r0W53 




an 


VO 


OH 




CO | 


*nno> % 


IPX * % * 


II 


N II 


3555^ OJ 


r-<tj • 


r— 


Wr-En 


r-H 


T-C 


^ ^ 1 


22 | 


x * *ps\ 


\oxxx 


II 


w> 11 


—<xw 


<3 CO 


% 


• ^ 


< 2 ; 


*w 


r-r -01 


u 1 


in\xw\ 


\r-T-tniP 


II 


53 H II 


OH- • 


in u s; O LD O W COLD H 


IDH 


lopsps II II WHWOHH 1 


-~inco'— 




II 


HH II 


XO 


—Q < vo ‘ s -*rr o 52 — q 


W Q 


^QlOH^ • CD CO-OPS | 


*CQ 


N 


II 


HU II 


PSX< 


PSH 




52 < osco 


1 PSCO 


PS s 


HS2 


SWS 1 


HHXOH 


HSEhHH 


II 


Q< II 


CO W H co 


W 'OWOHHW 2H saw < 00 — HHOH 05 1 


<< * <,—>< *<<< 


II 


OPS II 


* O H 


II OCX"'-' EhEhHH^C: 1 


S S Q ^ S X S3 C^ • S 52 5E 


II 


PSW II 


H W 


Hhl 


H 


2 : H^HH^HHhlS 


25 23 


2t-IH 1 


PS PS PS PS X PS Eh PS PS PS 


Q II 


PP Eh II 


<HH 


DS<WOCSOOPhPS<II PS< II 


WCDOOf^OOOOrtJW 1 


oo< 11 0 


‘08000- 


*35 II 


O 53 II 


W25<W 


SUHOSOUHSUi5f!Uh!sUQQQHUU 


UUU« 1 


r^Pnrs ph 


• fL, W fin (if • 


W II 


COH II 


WHOM 














1 

1 


<-CN r- r- r- 


II 

II 


II 

II 
















1 

1 


OO O 


O OOO 


II 

II 


II 

II 




O 


O 


O 






OO 


O | 


0<— CM 


ro crmvo 


II 


II 




cr 


in 


VD 






r-co 


a> cj 




r- f— r-r- 


u 


1 uu 





121 





1 














^ — 


s ^ 




1 












1 


XI t 


w . 




1 












1 


H • 


M = 




1 












1 


W t 


w o 




1 












1 


M ^ 


s 




1 












1 


C X 


X z 




1 












1 


sr m 


M 




1 












1 


i w 


w w 




1 












1 


= M 


M O 




1 












1 


o c 


c 




1 












1 


= 


S r 




1 












1 




oo 




1 












1 


u = 


x w 




1 












1 


xso 


s x 




1 












1 


M^= 


c = 




1 












1 


W ^ 






1 












1 


MOO 


w w 




1 












1 


CWX 


o w 




1 












1 


SOM 


M 




1 












1 


W W 


w s 




1 












1 


SMM 


n w 




1 












1 


osc 


M 




1 












1 


MHOS 


c 




1 


O 










1 


II MU 


> ~ 




1 


VO 










1 


S 


X 




1 












1 


Wpq**0 


w w 




1 


O 










1 


CN M M 


W M 




1 


M 










1 


-WXM 


M S 




1 












1 


CN M O 


w 




1 


O 








s 


1 


MOO^TQ 


w 




1 


O 








n 


1 


-MOO M 


ID C 




1 










Q 


1 


-QS W 


S JH 




1 










11 


1 


W ^M 


C » C 




1 












1 


M C/) 


W= Q 




1 


tsj 










1 


-OOOM 


OO 




1 


M 








— 


1 


(NWWQ 


sw 




1 


• 








M 


1 


MMM 


o= w 




1 


W 








" — 0 


1 


*SCM 


M Oi 




1 


S 








O 


1 


*<D M O 


wo 




1 


• 










1 


OUW W 


WOW 




1 


01 










1 


M 


oo W 




1 


s 




O 






1 


MW**S 


M= S 




1 


^ c 




O 




W 


o 1 


sw O 


S 00 M 




I 


• M 




r— 




• 


m | 


WM II U 


W 




1 


' w ' 








O t 


l 


S 


ox •• 




1 


s ^ • 




o 




W 


S | 


W W s w 


o= o 




1 


w o a 




M 




• 


w i 


M WO S 


X s 




1 


u s s 










U 1 


WMMM 


WM 




1 


oo - ,-^c 




O 




^ *— ■ * 


OO | 


SC/)W 


QMS 


O W 


1 


w ui on • 




O 




MW • 


W | 




QXW 


"OO 


1 


w s s^ 




on 


oo 


son w 


M 1 


KxMd- 


KMC 


MS 


1 


O * CX 




^ s 


s 


ws s 


U 1 


E-n-S - 


ZT WS 


C 


1 


- O HH 




tsi C 


c 


c c 


m | 


win mx 


na> w 




1 


S-* • 




m^h 


,-JH 


— ' • 


— 1 * | 


^ 'OO 


-r-r- 


OOIUO 


1 


o O w 


o 


• o^- 


O^ 


o OOU*-* 


1 


r-xSr- 


x vn 


CNSS*- MW 


1 


00 roM^WS 


in 


oo 


r- 


r^M SSW 


in | 


nnro - 


IT)X " 


t— - -*— CCQ 


1 


50 rWr-<J • 


T“ 


Wr-M 


r-M 


*“C - - • 


s | 


x v^r\ 


Nox 


«— «— "Ws 


1 


u -W -WOO 


- 


t -S 


"S 


-W t-r-O 


U 1 


mX 




in ii ii in«<HW 


1 


M WLOMlO Osoino WO0LT)M 


inH 


in w w ii iiwwwowm i 


x <w ’ 


^ - — ' 


*Q II ns 


1 






"Q OO M O ODHDK | 


o 


\ 


w^ss 


1 


WS 20 C£3H 




sc woo 


wo: 


) WS MSS 


SWS 1 


M M*"“ M 


MNM 


WOO W n H H 


1 


MW W WOMH W S 


w sw coomh hqh w | 


cc "C 


c -c 


MCNr-MW -MM 


1 


M M MMM W'—'t- 




HM — M wc MM CM M II a>CQ ‘-^M M M M M O 1 


rs\s 


K^S 


H MMMSS 


1 


mshMmw 


M 


s h mmhwhwws ss 


Zh^Eh | 


WWNKMIMW 


KOOK<MDO 


1 


COWCWCWOwOOWWCII 


wcnwcnoowoooocw i 


Oo ^o\oso 


3QQ3:UOUU 


1 


UUBU»UHOSUUHSU«SU^BUOaQHUUUUU« 1 


ww «wNwww 




1 

1 












1 

1 


r- r- 


T— 




1 

1 












1 

o 1 


oo o 


o o 


oo 


1 


OO o 


O 


o 




OO 


o 1 


r-£N n 


n in 


T“CN LT) 


VO 






com 


<— CjT-r- r— 


r* r* 



122 



Q 


II II II 




II II 


• CD 


II II 


OS 


II II 


W< 


II II 


CD W 


II II 


SCJ 


II II 


<C 


II II 


raw 


II II 


cjpq 


II II 




II II 


wo 


II II 


WH 


II II 




II II 


OEh 


II II 


HS 


II II 


W 


II II 


Eh £ 


II t II 


SW 


II rWI 


WW 


II X II 


£W 


II H II 


W 


II « II 


ww 


II H II 


WO 


ii ** ii 


H 


M £ II 


w 


It II 


jnw 


II w II 


HO 


II O II 




II tt II 


ww 


II H II 


ow 


II S II 


PQ 


II O II 


w£ 


II u II 


WO 


II II 


PQS 


II S II 


£ 


II H II 


OS 


II II 


££ 


II CJ CD II 


O 


II CD II 


sw 


II WW II 


oo 


II WCJ II 


KU 


ii **: n 




II LOW II 


ww 


li sn n 


so 


II sw II 


HH 


II uw II 




II S W II 


«w 


II WWJ II 


ww 


II II 


HH 


II W II 


SS 


II W II 


WW 


ii a n 


so 


II rtSS II 


on 


II WCJ II 


inn 


II « = II 


* % 


II II 


XX 


II WW II 


in in 


II SS II 


* w - — * 


II HH II 




II H II 


HH 


II OCO II 


*5 <2 


II OH II 


££ 


II WO II 


«« q ii mai ii 


00X5 ii ns; ii 


.W II 10H II 


r— 


II II 




II II 




II II 


OO 


II II 


cor- 


II II 




u uu 



o 

in 

o 

H 

o 

cd 



£ 

O 

a 

ii 

o 



\m n n ww 

« >H — HH ^ —O OO 
00 W H W H S £ 

* CD WOO W S ~'HH 
H W «; Eh (Nr- Eh H CJ H H 
*3HHH HWCDSS 
W^CKOOK^WOO 
f^HQ^QQ3:UfMUU 



CS3 

H 

• 

W 



H 

U 

CD 

PQ 



« 


1 




S 










w 




to 


1 




» 














s 


1 




CO 










*— * 




c 


1 




s 














% 


1 *—> 








o 






H 




£ 


| » 


CO 


H 




cn 






• 




o 


1 


s 


— 










Of 




Q 


1 ^ 




• 




O 






w 


s 


v-HN 


1 w 


cj 


a 




H 






• 


« 




1 CJ 


s 


s 










n 


u 


WW s ^ 


i to 


% 






O 








CO 


S w 


1 w 


CJ 


co • 




CD 




WPS 


9 


w 


wo 


1 W 


CD 


s ^ 




CO 


CO 


*co 


Q 


H 


U *C0 HS 


1 cj 


W 






^ s 


s 


ws 


S 


u 


shh ck 


1 » 


W 


HH 




CS3 <U 


< 


< 


<c 




w 


1 tw * 






H^H 


HH 


, ,* w- 


• 




CJCO\OUCOO ^ 


1 < 


o o w 


o 


• O— * 


o^ 


o 






CDS- *-SSOW< 


I WCNbHPO W£ 


zT 


otn 


CO 


OH 


s^w 


to 


PQ^H*"" * rc$ II 


1 £' 


rWr-rtJ • 


r— 


Wt-H 


r~H 


<-<2 


% * t 


£ 


WH» w-t- Wiq^ 


1 CJ 


*cu 


crjco 


% 


• <z, 


<3 


*w 


f-r-Oi 


CJ 



HinHinusomo w conn ldh mwwii n mmwowh 
w— Q^ jvjO ^ crD^'-'Q - Q CO H O »DDnD05 

W £ wh s< «co «co ws hss sw 
w w --owohhw s w sw coo^hhoh 

EhW^HHCHW II COt--— * HH hh^i 

hjHhlHt-1 H £ HHHHWHHWS S£ £W 

II II KCtDOO^OOOO^ 
U^UtsUHO^OUH^U^^U^UQQQHUUOUU 



00 
<-(NCJPO 



o 

Cf 



o o 
in vo 



oo o 
r-oo cr> 



123 





x \ 


2E ^ £3 


II 


II 










1 












1 


H \ 


W *^jq 


II 












1 












1 


03 * 


W r #0 


II 












1 












1 


Eh 


03 OOE 


II 












1 












1 


< X 


zw<; 


II 












1 












1 


£3 H 


x z oe 


II 












1 












1 


1 P3 


h au 


II 












1 












1 


= EH 


03 03 <3 


II 












1 












1 




EH 00303 


II 












1 












1 


r .3 a 


<C UCQ 


II 












1 












1 


^1 


a r 


II 












1 












1 


COST 


WHO 


II 












1 












1 


xsu 


X WPQH 


II 












1 












1 




X 


II 


• 










1 












1 


cc i w 


<3 = OH 


II 












1 












1 


Eh CO 


H^ 


II 


X 










1 












1 




Oh 03 W 


II 


H 










1 












1 


SEHH 


o whs: 


II 


03 










1 












1 


«3P3 


HS5 03 


II 


H 










1 












1 


h-3HH 


w 


II 


<3 










1 












1 


oco*3 


O WEW 


II 


S 










1 












1 


03 S 


H 03 


II 












1 












1 




*C W03 


II 


Eh 










1 












1 


II a H 


> — 03 33 


II 


CO 










1 




o 








1 


^Oxo 


X H 


II 


O 










1 




m 








1 


EU 03 


W 03 W 


II 


U 










1 












1 


CN 


PC HOEOh 


II 












1 




O 








1 


CZ5US 


H EHO 


II 


H 










1 




H 








1 


fNHSQ 


W 


II 


O 










1 












1 




03 Oh 03 


II 


On 










1 




o 








1 


*0 


o cow 


II 


Eh 










1 




u 








1 


% toss 


S JEh CO 


II 


O 










1 












1 


KXWH 


<3 #rt303S: 


II 


O 










1 












1 


'-UOrf! 


W= QWO 


II 












1 












1 


**<030 


UO PQS 


II 


*~3 










1 




(S3 








1 


CNCQEH 


33 0351 


II 


»<! 










1 




H 








1 




O- WDS 


II 












1 




• 








1 


*wOL> 


h o^as 


II 


XO 










1 




W 








1 


— WU«: 


030 O 


II 


< C5 










1 




s 








1 


UOh CQ 


3 : 003:2 w 


II 












1 




t 








1 




w ooo 


II 






03 






1 




CO 








1 


HW w 


Hr S03CJ 


II 


<2 Cj 




CO 






1 




^3 








1 


Esrn ii w 


S: WH 


II 


COnn 




S 






1 




<c 




o 




1 


WH Pm 


W W 03 


II 


H 




<3 


o 




1 


wm 


H 




o 




1 


sz S 


3DX .*33 03 


II 


* 




* 


CO 




1 












1 


WKOW 


or OHH 


II 


OX 




£3 






1 


35 


O • 




O 




1 


HWHW 


X 35 


II 


33H 




3>H\0 




1 


03 


a Q 




H 




1 


W Eh CO H 


WH03 03 


II 


'—03 




Q %- 


H 




1 


U 


^ a: 








1 




OOEWW 


II 


Eh 










1 


CO 


O / — ^=3 




o 




1 


wwwm 


Q X 03 H H 


II 


X <3 




. . w— 


O 


O 03 


1 


03 


S CO • 




o ^ 





1 


rrrn:s:ct 


xH 


II 


S 




oe\o 


*co 


1 


W 


H S ^ 




CO 


CO 


1 


HCNH H 


^ESWW 


II 


Q 








H S 


1 


L> 


X cx 




^ z 




1 


wmox 


ido^eke 


II 


<3s 




MHH 


. , 


<3 


1 


m 


<3 HH 




cq <3 


<3 


1 


vEO 


w-r-OrO 


II 


03rtJ 




O * v ^ 




1 


s— * 





h^jh 


- — J-H 


1 


r-x^<- 


x ^nmun 


II 


P3r 




523CON 


, *OQQO 03 


1 


o 


O 0-1 


O 


• o — 


o^ 


1 


*nrr % 


10 x % S *> 


II 








o»t-ssohco 


1 


COCNHCOP3S 


^r 


Oin 


VO 


1 


X * *\ 


\oxxx 


II 


ww 




H^XWt- S 




1 


S»“ 


03r- <c • 


r- 


Wr£H 


t-H 


1 


in\x\ 


\»-r-irin 


II 


^33 




<H» 


• %r— 


r- %W«: 


1 


U <CCO 




t vS 




1 


s — ' 


w> «*' — - — ^ — 


II 


HH 




X<m n 


II LD 03 II 03 W 


1 


HmEHinuaoinowcou3H 


inH 


1 


r- 


X 


II 


H 




KXc s -H^‘-<3^0D 


1 


03 —'<3 — 'Q < VO 


o s " — q 


*— Q 


1 


HH *H 


HNEhHH 


II 


3>co 




CO 03 H CO 




1 


Oh 


S 03 H 




03 CO 


03 CO 


1 




<3 h<3 < C <3 


II 


OH 




* O 


H 0-10 0 03 4HH 


1 


03 


03 O03OHHW 33W S 


1 




eo-eee 


II 


03 ZD 




H W rt3*^H(Nt-^OHHh 


1 


HHWHW'-H 




Hh^qCHOC 


1 


03n3 *03 


03 Eh P3 03 03 Q 


II 


03 Oh 




<3HH 


H 




1 


h3 H h-3 H h3 


H 


a hPhhoh 


1 


Oo »o 


OEOOO^i 


II 


03^ 




W^fc3W03OO03<CXOO 


1 


r<a3<303<3WO03OOPH03<3 II 03 < II 


1 


Oh Oh r-Hn ^Oh W Oh Oh Oh *03 


II 


CO H 




khpheqqeucuu 


1 


usu^UHe; 






1 

1 


t— t— 


r— * r* 


II 

II 












1 

1 












1 

1 


OO o 


o ooo 


II 

II 












1 

1 












1 


Or CN 


n ^j-iovd 


II 










OO 


1 


o 


O 


o 


o 




u 


!^*T— T— • 


r- r-r-r- 


u 


uu 






r- CN (J CO 


^3* 


in 


m 





124 







HO 


• 


a ^ q 


II II II 


1 










<a 


• 


w .^w 


II II 


1 










S'— 1 


<— < 


W = .CD 


II II 


1 










1 


X 


W OQ53 


II II 


1 










= CO 


H 


53 WC 


II II 


1 










*$a 


W 


X s OK 


II II 


1 










Z O 


EH 


H aO 


II II 


1 










'-H 


<C 


05 W«$ 


II II 


1 










Eh 


S3 


Eh OKW 


II II 


1 










X< 


1 


<3 CJ W 


II II 


1 










H > 


~ 


a = 


II II 


1 










WW 


*J3 


co wo 


II II 


1 










HW 


s 


>H W 03 Eh 


II t II 


1 










<co 


UJ 


a X 


II r— >11 


1 










SC3 




<3 = OH 


II X II 


1 










O 


X 


H 5S 


II H II 


1 










H 


H 


WWW 


II W II 


1 










CO=** 


W 


O WHS 


II EH II 


1 










O 


EH 


Haw 


II <C II 


1 










OX 


<C 


w a ww 


H a li 


1 










S 


o waw 


11 11 


1 










Eh r—% 




w w 


11 0 11 


1 












H 


< ww 


11 a 11 


1 










II Wa 


CO 


> •-# W 33 


II H 11 


1 




o 






-wa'-' 


o 


X H 


II H II 


1 










sw 


O 


W WW 


II 33 II 


1 










CNI cnj CO 




33 H33W 


II O II 


1 




o 






053 


H 


H a Eh O 


II H II 


1 




H 


a 




CN CO O 


53 


W 


II W II 


1 






o 




H <CH 


W 


W W W 


11 a 11 


1 




O 


Q 






S 


o COW 


II II 


1 




o 


II 




<33*53 


w 


a*-jH pq 


II H II 


1 










33 > 


w 


< t^wa 


11 co 11 


1 






o' 






o 


33= QW3 


II 0 II 


1 






% 




*o w 


CO 


CJO 03 a 


II CJ II 


1 




CS3 


H 




(NWCO 


<c 


a ws 


II II 


1 




H 






HH« 


w 


o= woa 


II W II 


1 




• 


X 




OO 


a 


h was 


II O II 


1 




W 


<C 




^ o 




wo o 


II — w 11 


1 




a 






<C 4fc 


EH 


330 WWW 


II WH II 


1 




• 






w 


O 


CO 0(00 


11 <3 11 


1 




CO 






Eh 33 II 


W 


HS SWU 


II 330 II 


w 1 




a 


W 


-— <* i 


53 H 


Eh 


W CO H 


II <0 II 


CO | 




<3 


t 


► i 


W a 


ft 


w ww 


II CO' — 'll 


a 0 1 


m 


H 


O' 




E«U 


u 


OX **33 W 


II r -1 11 


<3 IN | 






w 


521 1 


WWH 




OP OHH 


II VX II 


v | 


a 


* — S t 


• 


w 1 


whco 


w 


x a 


II OH II 


sw\o 1 


w 


O Q 


o 


O 1 


Waa 


33 


WHWW 


II 5303 II 


0 W H 1 


o 


a a 


^ >w ' 


CO 1 


HW 


EH 


owaww 


II S -'H II 


ok a ^ 1 


CO 


* 


WW • 


w 1 


W33S 


33 


OX W H Eh 


11 rrs** 11 


* 0 w 1 


w 


o co • 


<o q 


w 1 


33c*H 


O 


33H<aa 


11 11 


^0 \o 0 CO 1 


w 


a a^ 


Wa S 


U 1 


EHlHQ 


LO 


d*KSWW 


II 0 II 


O *03 <3 1 


o 


h <3 X 


♦< *< 


•» 1 


33 03 


% 


100 33 33 33 


11 <Z II 


a HH — * H< 1 


m 


W HH 


, , k — ' • 


1 


d-xn 


X 


%*—<— om 


II WPQ II 


H * v— • | 






o OO^ 




r— lqlO 


in 


x sen in in 


II «= II 


UCON «^UU^ 1 


1 


o o w 


Oh} aaw 


CO 1 


* * H 


% 


mx ^ ^ ^ 


II II 


53 a- ooaaow w 1 


cooH<-wa 


<— <C <k «* • 


S | 




\ 


\oxxx 


II ww 11 


‘-CXWCT1 V *CO <C CO | 


S' 


rWr*f< . 


<W r-t-O) 


O | 


LD\m 


\ 


N^'-inin 


11 a33 11 


OH- , *r-r- 1 


o 


<Xi <3 CO 


iOKOh II II WWHOWH I 


** — ' — " V 


— * 


w — ■" — - 


II HH II 


\wtn 11 11 uow<c 1 


HmHinoao 


*OOroOW | 


\ 




N 


II H II 


|| | 


w 


^C3<in 


wa HSZ 


aWjz; 1 


Eh£h * 


EH 




II O CO II 


COWHCO W^l 


w 


a wh 


W <300 * — H H O H W 1 


<C * 5 ; • 


*5j **<$ <C <C 


II OH II 


# O H WOO W O 1 




w w —o 


EhW II CDh-^HHHH^D | 




sVKf^sss 


II WO it 


WW*!'-'H<-<~HW ^1 


W H W H W "^H 


HWS aa 


aWH I 


W WX 


W\WH W WW 


O II 03 W || 


»<HH H HWH 1 


WH WH W 


KOOOhOOOO^W 1 


OOH^O 


^oaooo^a n 33 11 


wa^fnwoow^i 


C05CWCWO 


SUQPQHUUOUUW 1 


WWW,— W 


• w w w w w 


• W II COM II 


CCJHQHWQQaOCQ 1 


oaoaoHO 






r-CN t- r- II II 

II II 


1 

1 










OO 


O 


0 000 


II II 

II II 


1 

1 






oo 


O | 


Or- 


CN 


rn dtinvD 


II II 


o | 


o 


o 


r-co 


CT> CJ*“<- 


<— 


r- r-r-t— 


U CJO 


t— CJCN 


ro 



125 











H s ^ Q 




II 


II 














1 


PC w .^w 




II 
















1 


Eh H = *0 




II 
















1 


C W OQS 




II 
















1 


s s w c 




II 
















1 


1 X S OK 




II 
















1 


r h SCJ 




II 


• 














1 


K ^ps 05c 




II 


r— . 


1 1 1 












1 


r WXEH ok w 




II 


X 














1 


w,^N,C OK 




II 


H 














1 


O *a S 




II 


05 














1 


XS . WHO 




II 


Eh 














1 


H w "' *>n WfflH 




II 


C 














1 


05 *S >h 




II 


s 














1 


HCOKC S O Eh 




II 
















1 


C W • Eh S 




II 


K 














1 


550 *W 05 W 




II 


O 














1 


« fO W Eh a 




II 


H 














1 


O Eh • HKW 




II 


Eh 














1 


SS « W SWW 




II 


K 














1 


HQ *S WSW 




II 


K 














1 


Eh O • H pq 




II 


H 














1 


—jn .< H W 




II 


05 














1 


II o^ •> — W ffi 




II 


H 














1 


^JH • >H EH 




II 


CO 














1 


EWXXW 05 W 




II 


H 














1 


(NS HE EhKH 




II 


Q 














1 


% ^P5H S Eh O 




II 
















1 


(N Eh O Eh W 




II 


W 












S 


1 


HCOScW W 05 




II 


CO 












s 


1 


%o w 'a o cow 




II 


H 












Q 


1 


%U K^H CQ 




II 


O 












II 


1 


K CO EH C .CQ5K 




II 


<— *J2S 














1 


»-HHwk: qwk 




II 


E 












S 


1 


OOOOQ CQ S 




II 


cco 












% 


1 


(N 05 05 O S05K 




II 


oco 












H 


1 


H Eh Eh O r WSS 




II 


*w 














1 


<SSHEh a. S a 




II 


so 












PQ 


1 


'-OOO 050 K 




II 


Co 














1 


KOOWKO05SH 




II 


Q05 




05 










1 


HC0 KOO 




II 


HOi 




CO 










1 


HW^SH: a 05 (J 




II 


— 1 


l|| 


SK 




o 




H 


<*-'» 1 


2K O SCO M 




II 


O 




c c 








• 


- 1 


WEH ho w w w 




II 


ISX 




%0 o 








o< 


1 


E OPH..05K 




II 


M-H 




EM JT 




o 




w 


S 1 


H05 IS W O = O Eh H 




II 


CO 05 




K ^ 




H 




• 


05 1 


HWOKH S 




II 


SEh 




QH\0 








O 


U 1 


W Eh h Eh WH05C5 




II 


W C 




^ w H 




O 






co i 


SCOKoKSW W 




II 


a 




^N5S 




O — 


^ 05 


• 


05 | 


WWSr-Q>HDSEHEH 




II 


CN 




0^0 


O 05 


co 


CO WCO 


H 


H 1 


KKWrQXEHClss 




II 


Or 




so\o 


*co 


^ is 


is <2: 


S 


CJ 1 


EhCNK vzTKSWW 




II 


oa 




* %CS3 


HS 


tSJ C 


C SC 


c 


m 


HLnHXHcnKHE 




II 


c <s 




CO H H #— > 


c 


^ H^-JH 




• 


^ 1 


HO m— r-OCM 




II 


wo 




IS * v— 


^'-T^5 


O .O'- 


o ^ ^ 


uu^> 


i 


r-><J05r-X ^LOlDCH 




II 


05 r 




'-TO N *0(0 00 CO 


cn or-) 


oh 


s s s 


co i 


%tnm *nx ^ > 




II 






as- o*nk 


Sr-WK 


W<“ Eh 


<— Eh CO C 


« % * 


a i 


x ^rWoxxx 




II 


WH 




C<^W*“ « 


, *r-CC 


h • 


<S *W 


<— r- OJ 


CJ 1 


ld\ *'Vs<- r *inin 




II 


SK 




OH- • +*— 


^ II 


IDO WCOlDH 


inH mww ii hhhoweh i 


^ " — ' 




II 


HH 




\Ein ii 


II LD05 — W 


'-tqss'-'O 


- Q ^QtnH^ OtNOCiJ 1 


O \ 




II 


Eh 






IS <S ps to 


05cq oss 


HIS 


S Ws 1 


Eh £h<“ Eh Eh \Eh Eh H 




II 


SCO 




CO WHO 


05 <S 


WOHHW SW S W COO ^-"H OH W | 


CC *C< *CCC 




II 


OH 




* O H Woo W HH 


Eh Eh Eh '-‘H H C Fh W H W IIOvo — *H H Eh H O I 


a E\S a C**« a a 55 




II 


05 WD 




^WCXH(N»“HO v> h 


H IS HHHHHHHHE 


s 


ISHH 1 


05 05 V1505EH05P505 


H 


II 


KW 




<chh h 


hhks 


ffiOOt-H«<nm<n ta-ooofcooocw I 


OOr-OOlSOOO 


s 


II 


ss 




W2<(nCBOOWrt;«<0 




SUHSCJQKQHCJO 


UUW 1 




II 


COH 




WHQH»CiQ3:UtJ5U 








1 

1 


r— r— «— 




II 

II 
















1 

1 


oo ooo 




II 

II 










o o 




o 


o | 


oo o (Nrn^r 




II 








O 



^ LO VO r- QCO CTi <“ <“ 1— r-r- (J CJ U 



126 



o 

vO 

o 

H 

O 

CD 



{S3 



W 

a 

CO 



s: 

o 

Q 

II 



H 

S 

m 

CD 



W 

O 

S 

H 

Eh 

S 

O 

u 







s 




O 












i eh w * o h = escj 






m 




o 








H 




| SSX s CSCOH 




, , 


H 




4 — 








• 


m 


I WHCN S W WH 




o 














cj? 




| s * • •ws 


s 


s 


• 




O 








w 


Sa 


| WS\ W\OS CD tHH 


s 


% 


Q 




EH 








• 


s 


NH 4 S\>4 S3 


CJ 


CO 


525 












H 


CJ 


1 W Eh * WHitiK 


CO 


s 






O 








— 


co 


| .QSSWW 


s 


* 


CO • 




CD 


, „ 




ws 


• 


s 


1 WWXCDt^ .QXSHH 


w 


s: 








CO 


CO 


hCO 


C4 


H 


| SSHSfO •SEHrtlSS 


u 


m 


m>H 






525 


s 


«ss 


s 


CJ 


i hvjw w s s w pi 


«► 


CD 


HH 




{S3 


m 


m 


m 


m 




1 rcroEH X XLOCSSSS 




1 — * i 


# , 


H^H 


* — H 




• 




| v< COO H 4r-r*OrO 




O O W 


O 


• O 


* w * 


o — 


o 


CO CD,-. 




1 r-xsw’-ex Mncncn 


CO 


coeh^ss 


tn 


CAO 




r- 


<~H 


ISSW 


co 


| HO 1 CJ s^mx + 4* * 


s 


T-Sr-m • 


T— 


Wr- 


H 


<-H 


4-m 


^ % 1 


S3 


1 X c: W\<\oXXX 


u 




<cco 


% 


• <S 




*w 


4-4-0? 


CJ 


i in\<D\s\’“ r *inLn 


Eh W LO EH LD o s o m o W CO in H 


lDH 


LOSS II II WHWOWH 


I W O ‘ — ' 1 * w * — * 


so 


c r- *~in & » w q 


"Q 


COHO iDDODK 


I sen = \ 


pH 53 


s 


SH 




Sm 


« tn 


i sco 


i SS 


HSS 


3P*hK 


1 £hE-5<5 £-1 



HH W ^OHOHHW SW S W <OO^HOH H 
HHHWHH*— HHHH'-'HHmHWmHH || CO 00 —Eh hhH^3D 
kISH^HH H » HhlHH^HH^S SS 

II sm II K^^OO^OOOCXW 
CJCJtxUSCJHCDSCDCJHSCJWSCJWlsCJQQCiHCJCJCDCJCJS 



O | Oo 

CNum^- 



o 

in 



o o 

v£> h 



H 


'-W 


S 


^ Q 


ce co 


S 


W 




Eh CO 


o 


H 


= ♦ CD 


rtJW 


T— 


W 


oos 


SCJ 


% 




SW<5J 


so 


X 


X 


r cd ^ 


cr crj 


o 


H 


S CJ 


(N04 


r— 


S 








EH 


OEW 


x=«= 


\ 


< 


CJS 


in 


* 


a 


Z 




X 




cowo 


N 


H 


>H 


WSEH 




« 


525 


X 


SCO 


EH 


<d 


= OH 


os 


< 




HS 


H^ 




Ph 


S W 


Eh 




Q 


WHS 


oco 


S 




HSW 


COM 


o 


M 


SWH 


XHH 


H 


S 


WSW 


II sc 


EH 


H 


W 


#— JEh Eh 


O 




HW 


SCO co 


S 


> 


— WS 


CNH 


H 




X H 




« 


W 


SW 


CN 


H 


s 


HS W 


HW || 


CO 


EH 


SHO 


<o 


H 




W 


^HS 


Q 


W 


w « 


soo 




CD 


mow 



<-SH W 
* CO CO 
(NCOS H 
H CO W 
•*ws 
K)H 
son 
mss 
CD SO 

LO 



o 



CO 

co 

W 

CJ 



S,~H CQ 

m *mss 

CC= QWD 
CJO CQS 
sees: 
o: wos 

H SSi^ 

so cd 
nqo s :* w 
co cuoo 



*.<3 m m 

se: cos sap - ess 

ft: s ^-vh « m « eh « s s o 

OO 00002000X3 

(ih^X^Ih: WWWWW .w 

«— CN 4— t— «— 



o I oo o o ooo 

oo o i t-cN ro coon 

CO 4— (j*— *— *— *— T—T—r— i^J 



127 



SUBROUTINE READQ ( NG , Q 



II II 




1 
















X r-*-N 


II 




1 














l 


LOO 


II 




1 














1 


sX 


II 




1 














1 

1 




II 




1 














1 

1 


xto 


r— *|| 




1 














1 


HW 


X II 




1 














1 


XU 


H II 




1 














1 


HX 


X || 




1 














1 


<0 


H II 




1 














1 


xo 


< II 




1 














1 


to 


253 II 




1 














1 


O 


II 




1 














1 


XW 


O II 




1 














l 


H CO 


X II 




1 














1 


HH 


H II 




1 














1 


XO 


EH II 




1 














1 


0 x 


X II 




1 














1 


M 


O II 




1 














1 


wto 


H II 




1 














1 


xto 


W II 




1 














1 


w 


3: II 




1 














1 


— QU 


II 




1 




0 










1 


II too 


W II 




1 




in 










1 


^xx 


CO II 




1 














1 


X X 


H II 




1 




0 










1 


CNW ^ 


O II 




1 




H 










1 


<0 r— s 


X II 




1 














l 


CNH O 


wj || 




1 




O 






X 




1 


HO II X 


II 




1 




O 






X 




1 


%X ^ 


X II 




1 










n 




1 


* X 


H II 




1 










11 




1 


XC0OC0 


05 || 




1 














1 


r-tOHW 


H II 




1 




CS3 






X 




1 


*wtou 


c 11 




1 




H 






% 




1 


CNUXX 


as II 




1 




• 






H 




1 


HO WO 


II 




1 




W 










1 


%xxo 


z 11 




1 




X 






Ol 




l 


MC^HtO 


OMI 




1 




• 










1 


Oi Q 






1 




to 






. — » 




1 


WOW 


II 


05 


1 




X 










1 


Eh X CN CO 


w 11 


CO 


1 




< 


O 




H 




1 


XH5-H 


X II 


X 


1 


— 


H 


cn 




• 


m 


1 


w *0 


H II 




1 




— * 






O 




1 




II 


% 


1 


X 


t 


O 




W 


X 


1 


WWLO 


to || 


X H 


1 


05 


O Q 


Eh 




• 


X 


1 


HH stO 


H II 


X *•* 


1 


U 


X X 






X 


O 


1 


wx\co 


X || 


QXX ^ 


1 


CO 


* 


O 




^ — " 


to 


1 


w\w 


X || 


* OX 


1 


X 


O CO • 


O — 




H X • 


X 


1 


wx *u 




*co 


1 


w 


X x^-> 


to 


CO 


%co X 


H 


1 


Ed- . O 


H II 


O HX 


1 


u 


s < X 


_ X 


X 


X X X 


U 


1 


HcTr-^5 


II 


XHH <5 


1 


— 


0 HH 


[S3 < 


c 




V 


1 


X %XX 


X || 


% H 


1 






H^-JH 




^ — ' • 


- * 


1 




H II 


oto \oooo 


1 


1 


OOM-IO 


• O^ 


O'— 


0 00 ^ 




1 


r~LD D5 X 


W II 


XX- r-^XO t -?05 


1 


COCNHrOXX rr 


OHO 


vO 


OH XXX 


to 


1 


* %Hr- 


> II 


s<>Hr- * w— < 00 


1 




«— Xr-< « r- 


Wr-B 


«-EH 


r— < s * • 


53 


1 


X\<CN 


H II 


CVH- v»-r- *WX 


1 


u 


wxi cnco v 


• *x 


*X 


*W r-r-O 


0 


1 


LO\X * 


H II 


Nin 11 iiLDcricww 


1 


EHLOHiDUXOiDOWCOLDH 


LDH 


mxx 11 n wwwowh 


1 


— Z X 


u 11 


II XX 


1 


X 






*— XtOHX «XXrOXX 


1 


or- 


< II 


C0HH 05 X3 X 


1 


W 


X X H 


X <5 XtO 


XtO 


l cnX HX ^ 


X^X 


1 


HH- *- 


05 II 


* O WOO W XHH 


1 




W W '-'OWOHHW s 


W XW <OO*^HH0H « 


1 


< < * 


W II 


*HH 


1 


II CO r— Th £H H Eh H X 


1 


xxx\ 


H II 


<HHH HHHXX 


1 




J3 Hi^HHi4HHi-1S S3 


XHH 


1 


X XCN % 


X 11 


wscwookc O 


1 


<5Q5<X<WOXOOWX<5 II X < II X<OOOWOOOO<5W 


1 


OQr-X 


H II 


KHQSQPDJUOIUU 


1 


u 


^UEsUHO^OUHSUK^U^SUQQQHUUOOUW 


1 


W P-» * 


II 

II 




1 

1 














1 

1 


r-CN 


II 

II 




1 

1 














1 

1 


OO 


II 


00 


1 


0 


0 0 


O 




OO 


O 


1 


Or- 


uu 


r-cNun 


cr LD 


v£> 




c—co 


cn 


U 


r— r— 



128 



X 


_ Q 


II 


II II 


w 


• <-J 9 


II 


II 


H 


= .O 


II 


II 




OQS 


II 


II 


X 


X W< 


II 


II 


xx 


S OK 


II 


II 


sH 


XU 


II 


II 


• 03 


03*3 


II 


II 


• EH 


OXW 


II 


II 


OW 


UK 


II 


II 


• s 




II 


II 


• 


co wo 


II 


II 


• X 


W K Eh 


II 


II 


.z 


X 


II 


II 


• ^3 


s OH 


II 


II 



X 

HP*-. 



EhX 

03 w 



«0 WHS 
H 



HW p: ;W 

KK HXW 
OH SHO 
H W 



H 0.3 
in ce:o a 

coxowxh 
wco a iOO 
uh: s«l> 



^ * 

N 

HEh\EhEhH 

rtjrtj srtj <C 

xWhp3p3 03 

oosooo, 

Cm^WWWW 



rt 3 W 


KWH 


II 


II 


1 




£D 


wsw 


II 


II 


1 




W 


w 


II 


II 


1 




o<c 


H W 


II 


II 


1 




x> 


►•WK 


II 


II 


1 


o 


H 


X H 


II 


II 


1 


St 



X II 



H II 
s H II 
P3X II 

s nn« 

H II CO 



H Eh w II Xm it ii inw h 
huwii 

i x><x ii co wh «o 

iop3coii*u woow *. 
j P 3 W<* II WHri!Hr-f-HWH 
| WHW II ^EHEhH HHI^ 

I KfcSQ II W»<«OOK<U 
| CO H WJ II «HQrsQQ5:U(£l 

II II 



II 



OO OOO II II 

CNCO DVD II II 

r-<- r-r-r- U UUU 



O 

Eh 



ww ww 


II 


H II 


1 o 


o 


XU <cow 


II 


II 03 II 


1 o 


Q 


K^H CQ 


II 


X H II 


I 


II 


w<c .<03X 


II 


H< II 


1 




COK: QHD 


II 


03X II 


1 * 




HUO cqx 


II 


H II 


1 w 


•* 


O Xp3X 


II 


<X || 


1 H 


H 


120: WXX 


II 


SO II 


| • 


' ' 



W 

X 

• 

CO 

X 



U 

03 



OXCOH 


II ^WW || X 




1 






< 




O 






w 


03 WWW 


II UKEH || <3 




1 


m> 




H 




X 






• 


HKPH ..XK 


II WtHCO II * 




1 




. — . 














OS OHH 


II * H II 35 




1 


X 


o 


• 




o 






w 


WX X 


II O CO Q II OH X 




1 


03 


X 


Q 




H 






t 


X WH 03 03 


|| XH II Q w 




1 


u 


s 


X 










n 


hokxww 


II '-OWII *WX 




1 


CO 


o 






O 






*w» 


xkxwhh 


|| CUCO II %- 


03 


1 


03 


x 


CO • 




o ^ 




03 


• 


cnkeh^ckk 


II 03 XH II O^X 


Oco 


1 


H 


% 


x^ 




CO 


CO 


H CO 


Q 


^esww 


II OHO II X %tSJ 


*X 


1 


u 


u 


<C X 




^ X 


X 


sX 


X 


N_ncr>x x k 


II <3 X II HHH 


H *3 


1 


m 


03 


HH 




tsj < 


<c 


W <3 


<c 


X M-r-Ofn 


|| W>n HO H % 




1 




^ 


H^HH 


HH 


•— * 1 


• 


LT) X tJLOLnLO 


|| WHH II KCOX^> 


OO ^ « 


1 


o o w 


o 


»O w 


O w 




oc^ 


sU") x * * % 


|| WX 11 *— X- OXXOHCO 


1 


COoH*-P 3 X 


CN 


oro 


zT 


OH 


XX w 


XXoxxx 


|| w>w II UCxOI 


s sCO <c x 


1 


St-P 3 r-rtj • 


T— 


Wr-H 


r-H 


co*< 


s s • 


XX'-'-mLO 


II SZHS: II WH- «*-«- *W<$ 


1 


u 


*0* 


C 3 C 0 


S 


• sX 




HW 


»—*— CM 



HLOHinUXOlDO WCOIDH LT)H 10)0303 II II WOW 
pl;' — -^ c xx-'--h "-'q ^QtnHrj trnx 

W S «H X<C P3CO Q3C0 P3X H x 

W W ^OWOHHW XW X W ^OO^oH 
WHWHW H EH H ‘ — Eh II v&vO— E hH 
HHHHH H » HWHHWHHHS X 

^«<j:K^PhO^OOPh(i|C II 03^3 II w^doowoo 
U^U^UHO^OOHC sU^SUH^UqQQHOU 



O | o 

«~U<N 



o 

ro 



o o 

zr in 



o o 

<o r- 



129 





= o 


t 


S3 Q 




II 


II 


II 






i 












I 




Pd 


W 




ll 




II 






i 












I 


EH 


• 


H S .O 




II 




II 






i 












1 


X<d 


• 


W OOPS 




ll 




II 






! 












1 


H> 


t 


PS W*C 




ll 




II 






i 












1 


«« 


• 


x : ow 




ll 




II 






i 












1 


HW 


• 


H PSU 




II 


X 


II 






i 












1 


<to 


X 


Pd Pdrt? 




II 


H 


II 






i 












1 


SC CO 


H 


EH OKW 




ll 


Pd 


II 






i 












I 


o 


Pd 


< U CQ 




II 


Eh 


II 






i 












1 


PS 


EH 


S 3 r 




ll 


<d 


II 






I 












I 


o*= 


< 


to wo 




II 


S 


II 






i 












1 


H 


E 


>H WCQH 




ll 




II 






I 












1 


EhX 




PS X 




ll 


Pd 


II 






i 












I 


O 


PS 


*5 r OH 




II 


O 


II 






i 












1 


CQr— 


O 


H^ 




ll 


Eh 


II 






I 












I 


HO 


H 


W Pd W 




II 


c 


II 






I 












I 


WPS 


Eh 


O WHS 




II 


s 


II 






i 












1 




O 


HPS W 




II 


H 


II 






i 












1 


to 


CQ 


W PS W H 




ll 


H 


II 






i 












I 


H tO 


H 


O WSW 




ll 


to 


II 






i 












1 


OPS 


Pd 


H W 




II 


W 


II 






i 












I 


— o 


EH 


<C HW 




II 




II 






i 












1 


II WH 


to 


> ~.WK 




II 


PS 


II 






i 




o 








I 


^tOEH 


H 


X Eh 




ll 


H 


II 






i 




in 








1 


XHrtJ 


C| 


W Pd W 




II 


< 


II 






i 












I 


CM O > 




PC HXW 




ll 


O 


II 






i 




o 








1 




W 


EH PSEHQ 




II 




II 






i 




EH 








1 


CM W 


to 


W 




II 


' W 


II 






i 












1 


H Eh tO 


H 


w wpd 




ll 


u 


II 






i 




o 








1 


<ZCQ 


O 


O <OW 




ll 


< 


II 






i 




O 








1 


*WO 


S 


PS CQ 




ll 


CQ 


II 






i 












1 


ccac 




<c *^:pd2C 




ll 


Q 


II 






i 












I 




EH 


c: qwo 




ll 


W 


II 






i 












1 


*od 


PS 


U O PQ PS 




ll 


W 


II 






i 




CS3 








I 


CMS II 


w 


Ps pd£3 




ll 


W 


II 






i 




H 








1 


H CO 


=c 


OS wos 




ll 




'll 






l 




• 








1 


vCPS 


w 


Eh wss 




II 


W 


II 






i 




W 








1 


*-*WO 


Pd 


PdO o 




ll 


Or 


II 


Pd 




i 




PS 








I 


KSH 


o 


WOPdpsH 




ll 


CQW 


II 


to 




i 




t 








1 


to 


to 


to WOO 




II 


Wr 


II 


PS 




I 




to 








1 


HWPS 




HS SPdU 




II 


% 


II 


<d 




i 




PS 








1 


su w 


W 


DctOH 




II 


o w 


II 


% 




i 




, < 




o 




- 1 


whsc 


s 


W WW 




ll 


^:pc 


II 


S 




i 


m 


O H 




cn 




1 


Z3 H 




OX **PCPid 




ll 


SrH 


II 


o 




i 




ss ^ 








PS 1 


W«Q 


w 


OS OH Eh 




II 


to 


II 


Q 




l 


PS 


% # 




O 




Pd 1 


WWs 


cc 


X PS 




ll 


PS CO 


II 


*w\ 




l 


Pd 


tO Q 




H 




U 1 


WEHCO 


Eh 


WHPdPd 




ll 


— H 


II 






i 


O 


S S 








to I 


ism 


pc 


O WPSWW 




ll 


o 


II 


O WPS 




I 


to 






O 




Pd I 


ww % 


o 


OXPdEHH 




ll 


wcu 


II 


PS w. 


O Pd 


i 


Pd 


w to « 




O — 




H I 


PCXX 


in 


PCHrtJS PS 




ll 


ws 


II 


<5\ 


%to 


i 


H 


eo s 




to 


to 


U 1 


Eh OLD 


H 


d'XaWW 




ll 


WH 


II 


to *tS3 


h a 


i 


U 


CQ <d X 




^ S 


PS 


m | 


PCVO * 


X 


mo :c rc :c 




ll 




II 


PSHH 


<d Pd 


i 


m 


w hh 




CM < 


< 


1 


sr 


in 


*«-<— OCM 




ll 


W>H 


II 


w s 


*-o-oo 


I 




1 




H «— -4H 




1 


^x\ 


r— 


x snmm 




ll 


WH 


II 


w to NO CO o O PS 


i 


o o w 


o 


• O^ 




to 1 


^lO ** 


% 


mx * * * 




II 


w 


II 


OJS- 


l 


tO CM H CO Pd PS 


rt 


cxn 


VO 


SE3 | 


X * • 


\ 


\OXXX 




II 


w> 


II 


PQ<C X*— * 


• II 


i 


S' 


r-Pdr-rt! . 


T— 


Wr-H 


r-EH 


U I 


tO \r*n 


\ 


X^’-Lmn 




II 


SH 


II 


WH» m- 


r- '.W^ 


i 


u 


04 cc to 


% 


• *£S 


CS 


Eh I 








II 


HEh 


II 


\in n 


ll mpdOww 


i 


HinHmu ^omo wtomH 


mH 


Pd 1 


Hr^ 


\ 




ll 


HO 


II 




i 


Pd 


— Q tc^KC 






WS 1 


H EH re o EH \ EH EH eh 




II 




II 


COWH 


CHZ2; 


l 


W 


as PdH 




Pd to 


Pd 


Pd 1 


»■=< <CEH S»<\>< 




II 


Oed 


II 


* O WOOW "-HH 


i 


W w ^OWQHHW PS 


w 


nin i 


£a^Hc\s:f-.ssa 




ll 


Pd w 


II 


CW^FnfNi 


r-HWMHH 


i 


1-4 E-l 1-1 H >-) '-Eh H Eh E-) —IN < Eh ^ 


H Eh | 


PdWSQ 


Pd 


*Pd Eh Pd pd Pd 


w 


II 


PQ H 


II 


rtJHHH 


hhosps 


I 




H 


PS HHHHH 


*<W 1 


oo: tno 


•OPSOOO 




II 


os 


II 


wscsoowcaoo 


i 


<dffirt;pd<WOWOOW«f<ll Pd< 


U« 1 


FhPhKZPh 


• |jh w WW w«-^w 


II 


tO H 


II 


PdHQpacQQSOWOO 


I 


OPsOPsOHOSOOHLxoWSU 


1 

1 


*— CM t— r- r- 




ll 

II 




II 

II 






i 

l 












1 

1 




o 


o ooo 




ll 

ll 




II 

II 






i 

l 












1 


oo 


o 


t- comer 




ll 




II 




OO 


i 


o 


o 


O 


o 




(jcscn 


r— 


t— r—r— r- 




U 


uu 




rrsun 


rr 


m 


VO 





130 









w * 


W — . Q 






1 










1 


EH ^ 


H t h—*W || 


II II 


II 


1 










1 




W r .o n 




II 


1 










1 


a • H 


OQa II 


w 


II 


1 










1 


1 rHW 


x awe II 


o 


II 


1 










1 


= OH 


M r o^ ii 


H 


II 


1 










1 


wae 


w au ii 


O 


II 


1 










1 


r ^a 


H We II 


w 


II 


1 










1 


w 1 


e oww II 


> 


II 


1 










1 


tor 


a u w ii 




II 


1 










1 


XaW 


r ll 


w 


II 


1 










1 


HO r 


X co w O ll 


u 


II 


1 










1 


WH W 


a w ran ii 


a 


II 


1 










1 


HH 


CX II 


e 


II 


1 










1 


eex 


= OH II 


W 


II 


1 










1 


a>H 


W HP? II 


cd 


II 


1 










1 


w w 


O W W II 


o 


II 


1 










1 


WWH 


WHS II 


H 


II 


1 










1 


OtO e 


W Haw II 


CO 


II 


1 










1 


Hwa 


o awH ii 


H 


II 


1 










1 


*so 


h waw ii 


Q 


II 


1 










1 


a W 


e w ii 




II 


1 










1 


HH^O 


> ww II 


X 


II 


1 










1 


II H H 


-WK || 


Q 


II 


1 




o 






1 


^lox«: 


W X H II 


e 


II 


1 




rr 






1 


WW a 


w ww ll 


w 


II 


1 






a 




1 


<N HH 


H HWPh II 


H 


II 


1 




o 


ZD 




1 


%acoH 


ssHO II 


CO 


II 


1 




H 


Q 




1 


CNHS5CO 


W W II 




II 


1 






II 




1 


He^ W 


o ww ll 




II 


1 




o 






1 


kO 


a-*eow n 


X 


II 


1 




O 






1 


» cos: 


e #H « ll 


H 


II 


1 






* 




1 


KdWH 


d: eeda n 


w 


II 


1 






H 




1 


f— OH e 


UOPHD || 


H 


II 


1 




s 


W 




1 




a wa ii 


e 


II 


1 




to 


W 




1 


CNCQH 


os ww ll 


a 


II 


1 




H 


a 




1 


HQWhd 


H woa ii 




II 


1 




• 


W 




1 


*W CJ 


cdcusa ll 


r 


II 


1 




W 


w 




1 




woo w II 


o 


II 


1 




a 






1 


WPh CQ 


to waw ll 


a • 


II 


1 




• 






1 


II Q 


HS 0.00 II 


r H 


II 


1 




o co 






1 


H W W 


scoawu ll 


a 


II 


1 




a a 


w 




1 


acre aw 


WH II 


H^lW 


II 


1 




* e 


• 


•» 


1 


WHO Ph 


WX WW II 


wwa 


II 


W 1 




«- H 


C Jt 




1 


E M 


o= •• W W II 


p=hw 


II 


to i 




ll — 


W 


a 


1 


wwcow 


X OHH II 


* H 


II 


a | 


a 


H t 


• 


w 


1 


wwaw 


wa ii 


OlOW 


II 


e N i 


w 


w Q 


O 


u 


1 


WHWH 


OOlHcdCd ll 


an 


II 


% j 


CJ 


^ a 




to 


1 


saw 


oxaww ll 


ax 


II 


a a ^ i 


CO 


h ^e 


HW . 


w 


1 


w whx 


WHCdHH II 


Oi W 


II 


w « W | 


w 


^ to • 


hcq a 


W 


1 


wxq^t 


erweaa n 


a a 


II 


Q WX CO | 


w 


w a — 


wa a 


U 


1 


H^r w * 


inoaww ii 


QHH 


II 


w ko a i 


u 


a ex 


e e 




1 


wmcox 


**-WWW II 


e a 


II 


HHH H< 1 




— HH 


• 




1 




x M-OCN II 


wxw 


II 


o * | 




X s , * • 


o too--* 




1 


*~X *T- 


mxwmm ii 


WHS 


II 


a co xo o ^ i 


0^0 w 


OH aaW 


CO 


1 


HT)X * 


o ^ % || 


ww 


II 


^a- oaoH i 


co *— ocni wa 


*~e «» % t 


a 


1 


x woN 


X^XXX || 


w>w 


II 


cd ex*- *co e « i 


a 


r-cr>f-e • 


*W f— r- Ol 


u 


1 


inN'-X 


N M-min ll 


whw 


II 


aH- m- gwco i 


U 


% * coco 


LO W Cd II II WWWOWEH 


1 






HH 


II 


Xlo h m wa w i 


HLOLDinoao 


w ptOH*-3 • Warns W 


1 


N 


\ ll 


HU^ 


>11 


| 


w 


teem 


01 Wa H 2 I 2 ; 


aPna 


1 


hhNh 


Eh »EhEhEH || 


wex 


II 


co w h w ii a i 


PH 


WH 


2H flIOOMHHOH IS 


1 


ee *e 


«3 fk. <C «; <5 || 


OWH 


II 


# O WOW ^sH 1 




WWW o 


< EH 1-1 II CDt'— THEHE-tEHt-lta 


1 


aa «E 


2HSEE II 


WWW 


II 


HWeH*-HHWH 1 




HHhIS 


Zf-IH 


1 


wwrHd^^wsWWW Q n 


whh 


II 


e HH H hh^ 1 


HHHHH 


II OS^DOO^OOOO^W 


1 


ooxoxowooo a n 


wae 


II 


waewowewo i 


e w wwePnO 


hl^UQQQHUU 


ouu« 


1 


WPhHWXWWPhPhW^W II 


tOHa 


II 


wHQawauau i 


u 


aaa cjh o 






1 

1 


n 




II 

II 


i 

i 










1 

1 


oo o 


II 

O OOO II 




II 

II 


i 

i 






oo 


o 


1 


O*— CN 


ro ctlo'O n 




II 


O | 


o 


o 


xco 


o 


CJ t ~' T ” *- 


r- f— r-r^ (J 


C 

c 


u 




ro 



131 





o 












r- 








- 




o 






s: 


25 




Eh 






CD 


W 










Q 


O 




O 






II 


CO 




O 




w 




w 






CO 


CO 


H 


w 








25 




u 




tSJ 


< 


W< 


W 


m 


. k 


H— JH 


**— * 


5: 




o 


• O 


s — - ’ 


S 


U 




no 


o» 




ow 


25 *—* 


co 


r- 


w*- 


Eh 


C0< 




w 


% 


• %sz 


*W 


»” • 


u 


loo woo in h 


UOWW II OWOWEh 


'-TODC^Q 


^QCOHWWCNWW 




w< 


wco 


t ww 


• 25 


25 W 25 



WOHHW 25W <COHHOH a 
II 

H 2 H^HH^S 25 25WH 
WOOW W< II KCDO^OOOCW 
^UUH^U^^OQQHUUUUK 





W M 


s 






1 W 


w 







= EH 


w 


c • 




o-*< 


w 


OQ 




per— 20 




2 W 




= 1 


X 


= O 




^ x = 


H 


25 




o 


w 


W< 






Eh 


ow 




ho: 


< 


u 






W 


z 




EhW 




cow 




< X 


X 


ww 




WCOH 


23 


X 




W W 


< 


s O 




W O Eh 




EH 




owe 


W 


w 




ehcd w 


o 


W Eh 




uo 




H 25 




wco w 


w 


ww 




> o 


W 


ww 




W Eh 


H 


w 




wcou 


< 


w 




CJH W 


> 


— w 




250 > 




X 




<25 


w 


WW 




CQ W 


re 


Eh W 




wcou 


Eh 


25 Eh 




CD CO 25 




W 


II 


EHW < 


W 


W 




COU CQ 


o 


<o 


W 


HOW 


25— ^EH 


CM 


QWCD 


< • 


<W 


% 


CU Eh 


we 


OW 


CN 


X CO 


uo 


CQ 


H 


Q^H 


25 


ww 


** 


< Q 


OS 


W CD 


— - 


W II 


H 


025 


O 


EH X 


WO 


w 


CO 250 


WOWCS 




o < 


CO 


WO 


Eh 


WH W 


H = 


WW 


25 


WCO Eh 


3COM 


W 


H25CO 


W 


W 


2D 


W 


W?h 


• • w 


W 


WWW 


o= 


UEh 


w 


WHW 


X 


S! 


w 


HQEh 


WH W 




25 W W 


O WWW 


w 


W^rno 


QXWH 


w 


cc-in 


W H < 25 


Eh 


n** * * 


=t W 


22W 


W-4DXX 


UOODW w 


in in 'em 


*r— 


•-O 


•— 




x wnuo 



<NLT) % * LO X % * 
x«- *\\ \OX X 

in Fn N.S.'s-^'s' - »- in 
N 

Eh Eh EH r— ■*£-! *EH 'NEh Eh 
.<<<C><{< • < *<< 
wwsmw « ;r:n- w so 
WWWWW ,WEhWWQ 
OOQCHO - — O 2002 
WWW<WXWWWWW 



o o 
in 



o o 
vo r- 



i o 
i ooo 
ucocn*- 



o oo 

cn rnzr 



il n ii ii 




II £5 II I 

II X II | 

II w< II I 

II cu || I 

II W || I 

II «c o il i 

II W II I 

II ww . II I 

IIWHXII I 

II CQ 25 W II I 

II ww w II I 

ii n > ii i 

II ii i 

il huh f 

II ^2 W II I 

il <w w ii i 

II W Eh II I 

II ww< II I 

II W II I 

I|<>W|| I 

ii arsii I 

II oo < C II I 

II Q2hI II I 

II <H W II | 

II w < II I 

n ww ii i 

II WON I 

IIXC025II I 

II WO< II I 

II W II | 

ll>WO|| I 

iihwwii I 

II eh EH Mil I 

II U 25 II I 

|| <W W II ^ I 

ii «Hrtjii a i 

II W 3C II CO | 

II H II » I 

II 25 • < II < I 

II HS II ^ | 

II <10 11 I 

II | W W II W | 

II I OD II <3 | 

II O CO || W | 

II WO3C0 II W | 

|| < W H II n Eh I 

II W II W 25 | 

|| W 25 W II K 2 I 
|| 0<NII W CO O I 

M wwco ii 2525U i 

II EH II H< | 

II WWW II EH W I 

II 25 O EC II WOOW I 

II HWEH II O* O I 

|| EH II WWW I 

|| 0<0 II CQ<H I 

no 25 || DWC | 

|| WOH II CO W H I 

|| PQ Eh W || | 

II oatHIl I 

II CO H CO II | 

II II I 

II II I 

uuuuu u 



o 

CN 

o 

Eh 

O 

U 



no 

r- • 

+ tH^-> 

Eh WO 

25 • VO 
2D Eh * 

W025U0O 
ODU^^ 

II W II o 
EhHHUWO 
21EHS'— eh Eh 
DC2 H 

OOO w wo 

UUUHSOUWWW 



O O 

CN no 



132 



ONTINUE 

EAD (5, *, END = 30,ERR = 30) ANSR 

ETURN 

EWIND 5 





i 


w 




II II 11 II 


II 




1 






1 


9m f 


W 


II II 11 II 


II 






i 


£2 


m* 


II 05 


II 




1 






1 


9m « 


EH 


II X 


II 






i 




Q 


II W 


II 




1 






1 


CO 


2 


II 2 


II 






i 


2 


W 


II CM 


II 




1 






1 


W 


H 


II w 


II 






i 




05 


II O 


II 




1 






1 


H 




II X > 


ll 






i 


<5 


W 


II 05 


II 




1 






1 


05 


W 


II wxo 


II 






i 




H 


II cm 


II 




1 






1 


Eh 


> 


II 2HO 


II 






i 


2 


25 


II £3 . 


II 




1 






1 


2 


H 


II W2W 


II 






i 


W 


W 


II HX 


II 




1 






1 


W 


EH 


II 05 W 05 


II 






i 


H 




II 05 


II 




1 






1 




H 


II Eh 


II 






i 


525 


CO 


II 


II 




1 






1 


< 


CO 


II 02*5 


II 






i 


W 


o 


II *5> 


II 




1 






1 


H 


O 


II 2H 


ll 






i 




25 


H O 


II 




1 






1 


< 


04 


II H > CO 


II 






i 


* 


H 


ii xcno 


II 




1 






1 


a 




ll 05Q2 


II 






i 


Q 


05 


II W2W 


II 




1 






1 




<C 


II H<0 


11 






i 


W 


EH 


ii cmw2 


II 




1 






1 


05 




II CO 2 W 


II 






i 


cx 


CO 


II WH 


II 




1 






1 


w 


05 


II HW 


II 






i 


O 




II 05 25 <5 


II 




l 






1 


CM 


W 


II 05 fX 


II 






i 


W 


H 


II W 


II 




1 






1 


o 


EH 


II W05 


II 






i 


w 


W 


II 05 (/} 


II 




1 






1 


05 


2 


II HHQ 


II 






i 


-< 


CD 


|| WX2 


II 




1 






1 


CM 


W 


II O CO 2 


II 






i 




25 


II OHO 


II 




1 






1 


SC 




II «3CD< 


II 






i 


EH 




II W2W 


II 




1 






1 


H 




II 05 


II 






i 


O 


O 


II EhWH 


II 




1 






1 




«-• 


II <wo 


II 






i 


525 


2 


II 25EH<I 


II 




1 






1 


O 


X 


II 22^ 


II 






i 




EH 


II H 05 


II 




1 






1 


2 


2 


II (JEHH 


H 






i 


w 




II WO 


II 




1 






1 


H 


EH 


II 2 


II 






i 


05 


i 


11 2>2 


II 




1 






1 




2 


II CW05 


II 






i 


<5 




II CQC 


II 




1 






1 


1 


W 


II H< 


II 






i 




525 


II <5 


II 




1 






1 






II CO 2 


H 






i 


CO 


O 


II C02O 


II 




1 






1 


2 


<C 


II n • 


II 






i 


o 


H 


II QH2 


II 




1 






1 


O 


Eh 


II <£3<5 


II 






i 


25 


Eh 


II ^ H 


II 




1 






1 


H 


<c 


ll w<c 


II 






i 


H 


*5 


II W 2 2 


II 




1 






1 


EH 


Q 


II 2 05 CO 


II 






i 


05 


25 


II 05 W 05 


II 




1 






1 


<5 




II O W 


II 






i 


EH 


H 


II 10 <2 


II 




1 






1 


2 


05 


ll xoc 


II 






i 


CO 


2 


II XtO 2 


II 




1 






1 


H 


W 


II W 2 CO 


II 






i 




05 


II W 


II 




1 




CO 


1 


£3 


CM 


II WCMCO 


II 






i 


W 


W 


II HHC 


II 




1 




25 


1 


05 


O 


II > H 


II 






i 


W 


EH 


II >05 


II 




1 




<< 


1 


W 


05 


II H 2 


II 






i 


CD 




II H Eh CO 


II 




1 




H 


1 


EH 


04 


II EH<2 


II 






i 


25 


£2 


II Eh w 


II 




1 






1 




£ 


II 02 X 


II 






i 




<5 


II O WCD 


II 




1 


o 




1 


£ 


H 


II <5 EH CO 


II 






i 




05 


II rfHCO 


II 




1 


(N 


O 


1 


*5 




II 2W 


II 


CO 




1 


• 1 


O 


II 2 co 


II 


era 


1 




zr 


1 


P5 


• i 


ii wow 


II 


2 




i 


O 


o 


IIW H 


II 


25 


1 


O 


ll 


1 


O 


O 


|| t~»W2 


II 


<5 




i 


55 


05 


II Eh # 


II 


C 


1 


EH 


05 


1 


a 


2 


|| 2 EH 


II 


H \ 




i 


H 


2 


II 55 £5 05 


II 


H 


1 




05 


1 


05 


H 


II H< 


II 






i 


2; 


2 


II H<\ 


II 


"-to 


1 


O 


WO 


1 


CM 


2 


II O 


II 


co 2 




i 


05 


x 


|| 05 CO 


II 


25 


1 


O 


vn 


1 


2 


05 


II 1 02 


II 


22- 




i 


< 


z? 


II 1 O 


II 


H*3 


1 




o * 


1 


a> 


*5 


II 1 EH H 


II 


•<*a:X 




i 


rs 


% 


II 1 OH 


II 


25 M 


1 






1 


zT 


2 


II ^2 


11 


2 H W 




i 


2 


X 


ii 22 


II 


H - 


1 


ro 


ll =r 


1 


* 


2 


II 2HEh 


II 


O *H 




i 


^*^-4n 


ll EhCMH 


II 


QEH 


1 


T— * 


o + 


1 


X 


VO 


II < CO 


II 


QEh * 




i 


vo 


• * 


II 25 


II 


05 25 


1 


+ tH^ 


20 *-> 


1 


in 


in 


II 2^ 


II 


05 2 X 


o 


i 




II H^05 


II 


CD 


1 


HWO 


w^r o 


1 


* 


% 


II u- W 


II 


P- 


in 


i 


X3\ 


II Q<W 


II 


WO 


1 


2 «VD 


* r- 


1 


X 


X 


II QOH 


II 


w o x 


* 


i 


r- i 


w\ 


II 05 05 EH 


II 


20 


1 


CD Eh % 


* ^ * 


1 


X 


t— 


|| 2 2 CD 


II 


20- 


inow i 




<5 — 


II EHO 


II 


H 


1 


W 0 25LDO w *cow inmow 


1 


•— * 




II • 2 


II 


H X 




-n i 




> 


II WP5«2 


II 


E~< 05 


1 


O CD CJ CD IT) COLT) 25 CD '-^p-CD 


1 






II W 


II 


EH2X 




2 1 


H 


EH 


11 20 2 


ll 


CD M 


1 


II 25 II O 


2— <220 25 


1 


EH 


EH 


II 2«C 


ll 


CD WH 


WOH | 




ll HW< 


ll 


OO 


1 


hhhuwoh hhwzhoh 


1 


*5 


*3 


II HO 


II 


O O 




£<£: 


II Eh X 


II 


05 W 


1 




1 


sc 


£ • 


II H 


II 


2Wfl! 


H 


2 O 1 


05 U 05 Ci 


II 2*50 


11 


CO Eh 


1 


CD 25 CD H 


2*5 2 EH 2 H 210 


! 


05 


220 || CD- CO 


II 


WHH 


PSOOH | 


OHO^ 


II O 


II 


CD 25 


1 


OOOhrtOOW^OWWttlOOH 


1 


O 


O W2 II 010 05 


II 


02C 


rsouw i 


W 2 W W 


II P50<s 


11 


COH 


1 


UUUH30UCBHUWP330UW 


1 


II 05 W W 


II 


CO H Q 




l 


i 


1 — 


ll CQEHH 


II 




1 






1 


r— r— 


II 2XEH 


II 






l 






II 22< 


II 




1 






1 






II 2- 2 


II 






i 

1 






II CO H Q 

ii 


II 
1 1 




1 






1 






II CO— W 

II 


II 






1 

O | 


O 


O 


II 

II 


11 

II 




1 

1 


o 


O O O O 


1 

1 


O 


O 


II 

II 


II 

II 






^ urn 


CO 


uuuuu 


u 




(N ro zr in 


O^o 


> 


uuuuu 


o< 



133 



1 






II II II 








s 




II «-'» 








CO 


O 


II X 








w 


W 


II < 




I 




>4 


03 


II E 








c 


W 


II 










Eh 


II * 








03 


55 


II to • 








w 


W 


II 1-155 








eh 




II OO 








55 


CO 


II OH 








w 


0 


II Eh 










55 


II vo< 








% 


H 


II r-CJ 








Q 


03 


II '—H 








w 


Eh 


II W 








52 


to 


II XH 








0 




II <H 








H 


H 


II 03 55 








H 


W 


II 03 CO 








c 


O 


11 **a 










55 


II H 








Eh 




II W 








O 


O 


II <Ce 








55 


52 


II 550 










EH 


II O 03 








w 




II H 








03 


1 


11 to a 








<3 


55 


II 55 H 
II W 








to 


0 


II S W 








0 


H 


II HtO 








55 


H 


II Q< 




^ 1 




H 


<3 


II 1 W 




H | 




03 


55 


II O 




O | 




EH 


H 


II 53=03 




O 1 


co 1 


to 


S 


II EhW 




S 1 


55 1 




03 


II CO 




»* | 


<3 1 


H 


W 


II «3D 




£3: | 


H 1 


W 


Eh 


II 




O 1 




O 




II CO 03 




03 1 


— * 1 


55 


S 


II XO 




1 


O O | 




<3 


II <Ph 




NN H | 


CN CO 1 




03 


II W 




HI Ol 


11 i 


• # 


O 


II HEH 




tnoo i 


O 03 1 


O 


O 


II to < 




03 <5 1 


H 03 | 


55 


03 


|| HS 




rucr: % 1 


W 1 


H 


CU 


II 0 03 




w 1 SK 1 


O * 1 


55 


K 


II O 




rtJO 1 


O O | 


03 




II 1 W 




Eh '-'03 | 


CO 1 


<3 


C3- 


II 1 




03 S 1 


II 1 




% 


II 55 




OiCC*— ' 1 


CO Q 1 


K 


X 


II EH W 




H* H 1 


<— • 55 1 


O 


in 


II 03 W 




<3HEh 1 


+ H- — W — , 1 


VO 


% 


II H 03 




n^03 | 


HHO *. O | 


% 


N*~* 


II HO 




WH 1 


55 *vo 0 m 1 


X 




II <3 CO 




W03 | 


O Eh h r* ^ 1 


r-,~N<3 


II 2 : 




^ 55 1 


wozmowin s inmow 1 


^ 1 


1 " — * — ' 


II W 




HEHO 1 


in ^-h-o | 


“ 




II WH 




Eh H H | 


II 55 || O 55 1 


HOHEn 


II 55 CO 




5=>OtO 1 


HHHUHOH^: WSHOH 1 


»s:z<« J 


II H*3 




O H 55 1 


I 


sns 


ss 


II H H 




03HW 1 


DZP H 555?:<EHCcH 550 1 


03 


Q3 03Q 


|| £3 03 




PQHS 1 


OOO^ttOOWKWWWOOH I 


owooz 


11 o*c 




OSH 1 


uuuHrsouwwccw^eJUto i 


WOWW w 


II 03> 




COHQ 1 








II CQ 
II ^52: 
II CO H 






0 0 0 0 1 


0 


OO 


II 

II 







<n co ^ vor- uuuu o 



Dc3s3:S3:3:3=5:13:3:^3e!S2=33: 

oooooooooooooooo 

0303030303««0Sr^03p:Q3Q3C£03Q3 

assaaassaaaaazzzaa 



it ll ii II ii II II n n ii ii ii n n ii II 

HHHHHHHHHHHHHHHH 



HWHHWHWWHWWHHHWH 

oooooooooooooooo 

OOOOOOOOOOOOOOOO 
55 55 5555 55 5555555555552;£5555555 



II II II II II II II II II II II II II II II II 



oooooooooooooooo 

EhEhHEhHHEhEhehEhHEhHEhEhH 
EhHHEhHHHEhHEhHHHHEhEH 
03 03 03 03 P303u3 03 03 03 03 03 P30303C3 
P^HHHWP-iHO-iWHnnnP-iP-iCX| 



, -^^OOOOOOO 

oooooooooor-fNn^in^) 

r- (N m ZT tO VO 00 C7> r- <— «— r- f— r- *— 



in in in m in in in in in in in lo in in in in 



II WWWWWWWWWWWWHWWW 

OHHHHMHHHHHHHHHHH 
O03 03 P303030303C3 03 03 03 03 C3 03 03 03 



— s^o<-<N<octLn^o 

O <— CN CO in <0 X 00 on r- <— r- «— r- r- «— 

* 1 t 1 • t 1 1 1 1 1 1 • 1 1 1 1 

aaoo^aoiTOCJaaOTOfoojCN 

WHWWWWWWWWWWWWWWW 



♦—5 »-^ 1-^ ^ ^ »— ^ »— »— 5 ♦— 5 »— 5 I— 1 ! ►— 3 1— ^ 

OOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOS 
55 55 sz; 55 55 55 55 55 55 s 55 55 55 55 55 55 55 03 



H 

HHWWWWWWWWPhOhPhWWWWW 

HHHHHHHHHHHHHHHHH« 



134 




X * * * 

%inmin 

in • • • 

• CNCNCN 
T— W W W 

JinCNPO^- 




X 



*m in m in m in m in in 

in m i i • M • i 

• CNCNCN CNCNCN CNCNCN 

T— pU| pu» P-H pL_, Cxh pL-f Pm Pt_, 

W CN ro in VO lO 10 




^n in m in in inm in in in in in in in in 

in •••••'• t •••••• • 



• CNCNCN CNCNCN CNCNCN CNCNCN CNCNCN 
(Nrrrrrrrr’rrrrrrr 
^ — pi-i fi-, pt_» Pl-, pi-, fi-, fi-, fi-, pt-4 fi-, px-t Pm pi-, 

w cn m z? in vo 10 vo vo vo ^ vo 



HEhHHHEhHHHHEhHHEhEhEh 

aSE2ESSS2SSlSSSt:S 

WW«WWW0505«WWPhG3P3P3P3Q 

000000000000000025 

WWWWWWWWWWWWWWWWM 



ooooooo 

oooooooooo'-fNn^invfl 

r ”(Nr0^tlT)^sOr^00C7>r~r-r-r"'r-T— t— 



II 


II II 


II 


« 










1 


II 




II 


e 










l 


II 




II 


cn 










l 


II 


• 


II 


H 










l 


II 


cn 


II 


* 










1 


II 


w 


II 


e 










1 


II 


u 


II 


e 










1 


II 


H 


II 


cn 










1 


II 


03 


II 


H 


w 








1 


II 


H 


II 


% 


% 








l 


II 


<C 


II 


25 


cn 








l 


II 


25 25 


II 


e 


55 








1 


II 


O 


II 


13 


e 








l 


It 


03W 


II 


H 


H 








1 


II 


Emu: 


II 


% 


% 








l 


II 


H 


II 


Q 


o 








1 


II 


in 


II 


e 


55 








l 


II 


ww 


II 


cn 


H 








1 


II 


cqcn 


II 


H 


% 








1 


II 


HQ 


II 


% 


Eh 








w 


II 


cn 


II 


35 


e 








e 


II 


o 


II 


e 










cn 


II 


X Eh 


II 


cn 


Q 








H 


II 


H 


II 


H 


03 








l 


II 


03 Eh 


II 


% 


H 








1 


II 


EhQ 


II 


o 


* 








1 


II 


«C e 


II 


e 


25 








1 


II 


ss 


II 


cn 


e 








1 


II 




II 


H 


o 








1 


II 


Qo 


II 


% 


H 








1 


II 


530 


II 


w 


% 








1 


II 


ex 


II 


e 


35 








1 


II 




II 


cn 


e 








1 


II 


cnw 


II 


H 


cn 


cn 






1 


II 


OH 


II 


% 


H 


Q 






1 


II 


e 


II 


o 


% 


e 


& 




1 


II 


Hen 


II 


25 


o 


H 


w 




1 


II 


W W 


II 


% 


e 


* 


Q 




1 


II 


cn 


II 


CQ 


cn 




W 




1 


II 


we 


II 


O 


H 




H 




1 


II 


35 


II 


55 


s 


<-* 


% 




1 


II 


Eh 


II 


% 


W 


o 


O 




1 


II 


• 


II 


u 


e 


ro 


55 ^ 




1 


II 


wen 


II 


25 


Xtn 


II o 


% - OO 


O 


1 


ll 


Q 


II 


* 


- H 


03*- 


PQ CNm 


=T 


1 


II 


e w 


II 


cn 


55 * 


03 


O 25 




1 


II 


ww 


II 


53 


- o 


wo 


55 03 OO 


O 


1 


II 


HQ 


II 


* — 


\3 




* U Eh Eh 


EH 


1 


II 


w 


II 




O * 


o 


U cn 




1 


II 


1 H 


II 


w 


53 CQ 


mo 


55 03 ^OO 


0 


1 


II 


1 H 


II 


EH 


HO 


II o 


* H woo 


0 


1 


II 


W 


II 


e 


<3 


Q 


cn u 55 




1 


II 


w 


II 


s^.\ * 




55 - e^-^ 




1 


II 


H53 


II 


as- u 


Wr 




CN 


1 


II 


eo 


II 




* • 


-»-4n o’— - • • 


• 


1 


II 


as 


II 


c 


Pi- s 


oo» 


oincnvo ho 


OJ 


1 


II 


QW 


II 


w wxen 


^rw 


in (N 25 CM Eh O W 


w 


l 


II 


03 H 


II 


12 H 1025. 


CN • 


CN *0 K5 • • 


• 


1 


It 


H 


II 


H 


*W Ch 


Hino 


1 unEHinHcncn’ 


<- w 


1 


II 


WW 


II 


HHXP3 


Q22 n 55 


1 


II 


25 


II 


roeHWQ 


‘-'e 




1 


II 


He 


II 


O 25 O^ 


HO 


W W HH«!H II II II II II II II « 


1 


II 


Eh Eh 


II 


H Q e W H Q s — WQH HHH' * 


En^ososettiD 


1 


II 


Qe 


II 


CQKHEh^C 


«5Hh^H(-5 


q <ceeeeeeH 


1 


II 


O Q 


II 


phcsw wwowwewewwwwcncncncnocnin w 


1 


II 


03 


II 


cn 


»QH«WH!JKSU3UHHHHHHHHHHHK 


l 


II 


PQW 


II 


T — 








1 


II 


PP 5 


II 












l 


It 

II 


cn Eh 


II 
1 1 












1 


II 

II 




II 

II 








O O 


0 


l 

l « 


uuuu 


u 




*- CN 


mu 



135 



CALL FRTCMS (’CLRSCRN 





1 

PC 




1 

cd 




i 

Q 




1 

E 




< 


o 


< 


O 


< 




^3 


o 


to 


o 


to 


zT 


to 




CD 


1*- 


H 


r— 


H 


r— 


H 


PO 


M 




1 




1 




1 


in 


1 


o 


1 


o 


1 


o 


1 


r— 


1 


H 


1 


H 


1 


fH 


1 




1 




1 




1 




1 


O 


1 


o 


1 


O 


1 


O 


1 


H 


1 


CD 


1 


CD 


1 


CD 


1 




1 




1 




1 




1 


o 


1 




1 




1 




1 


CD 


1 



O 




i 


o 






1 


o 




1 










55 




i 


55 






1 


55 




1 










H 




i 


H 






1 


H 




1 


(SI 








• 




l 


• 






1 


• 




1 


H 








O* 




l 


O* 






1 


O* 




1 


• 








W 




I 


w 






1 


w 




1 


W 








• 




i 


• 






1 


• 




1 


55 








CO 




i 


CO 






1 


to 




1 


• 








55 




i 


a 






1 


a 




1 


to 












i 


< 






1 


** 




1 


in a 








H 


r— 


I 


H 




r— 


1 


^ H 


r— 


1 


<c 










II o 


I 


O- — 




II o 


1 


m 


II o 


1 


* — — H 








• 


H II 


i 


<— • 




33 || 


1 


o • 


CD II 


1 


* w> 






«-o 




<W 


l 


« 




< W 


1 


rna w 


<CD 


1 


OS • 






li il 


O 


co< 


i 


« o 




co< 


1 


P5 o 


co< 


1 


HW Q 






QQ 


• 


H CO 


l 


ou • 




H CO 


1 


u 


H to 


1 


u a 






^<*5 




H 


I 


M CO 




H 


1 


OCO „ * 


H 


1 


oto — < 






to to 


toco 




i 


05 COCO 






1 


H 05 coto 




1 


CD 05 tO . 






HH 


55 W 




l 


OH aw 




to^ 


1 


w aw 


co^* 


1 


w 








<>H 


wo 


i 


CD U <CX 




wo 


1 


OU 


wo 


1 


^U <>h 








MH 


>*55 


l 


•> HH 




>HS 


1 


CD- HH 


><a 


1 


O- HH 






HISI 


i 


MH 


l 






HH 


1 


s ^^ s s --' • ^ 


HH 


1 


• *— ^ • 


, , 




HH 


O OCO 


• • 


i 


O O 0*0 




• • 


1 


^ o oo 


• • 


1 


o* in w 


o 




• • 


r- « wpo 


0*0* 


i 


# COCO 05 WPO 




0*0* 


1 


OWcnwWPO 


0*0* 


1 


WtOCOKS 


PO 




0*0* 


CN< ,ro 


ww 


1 


0*SfN< ,P0 




ww 


1 


• ecn <c #ro 


WW 


1 


• ECN< • 


PO 




WW 


<EtO * 


• • 


l 


WU <XJtO H 




• • 


1 


o*u <cto *o 


• • 


1 


SU <OtOct 


W" 




• 1 


inoamowtoco 


l 


• Eninuainowtocow 


1 


w h in u 55 in cn w co to w 


1 


w H in u a in in in w to co w 


' — Q ^ --in n S3 55 


I 


PQ pc; < '-"CO O 55 55 O 


1 


. 113 < ~->— 


0 53 25 0 


1 


Q 05 *— 'Q <C »“ 


^ H ■ 


50 55 550 


OSH 




I 


O&h Q 3H 


:z;<ca 


1 


Q3H 


a*3:<a 


1 


WW «H 






W HilOHHH 


i 


a w — wohhhh 


1 


a w h^ohhhh 


1 


H W ^OHQHHHH 




i 




fH 


1 


— VJ Eh ■ — fH (H 


fn v —" k — Hi 


1 






H W H 


55 


i 


clHt-l M 


a 


a 


1 


t^Hhl H 


a a 


1 


HHH 


H 


a 


a 




i 


W*<PSrt3W05OOWWO 


1 


W<C05*<W05OOWWO 


1 


W<i 5W<CW0P500WW0 


r3rUH3=CD 


(JHH 


i 

i 

i 


HOaUHpcCDU 


HH U 


1 

1 

i 


HUr3=UHCSCDUHHU 


1 

1 

fl 


HUS=UHorxCD 


u 


HHU 






V 

l 

1 




o 


o 


1 

1 

1 


o o 


o o 


1 

1 

1 




PO 


-d- 


in 


o o 


O 


1 


o o 


o 


r— 


1 


(N ro 


=r in 


1 


in 


UO 


in 


V) 


in vo 


r- i 


u 


oo cr» 






U 


r— r— 


r— t— 


u 


<- 


*— 


<— 





136 
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